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WESTON 
Wode 622 


High sensitivity 


e PORTABLE e 


Instruments 





it 


AT LOW ENERGY LEVELS 


Combining extreme sensitivity with high accuracy and a 6.1 
inch scale, Weston Model 622 instruments are ideally suited for 
precise measurements of potential and current at the very low 
energy levels encountered in nuclear physics, electronics 

and electro-chemical research or in general test work. Hand 
calibrated, double pivoted, electrostatically and magnetically 
shielded. 


These instruments are available as d-c voltmeters, millivolt- 
meters, milliammeters and microammeters; electrolysis volt- 
millivoltmeters and high resistance voltmeters. They are also 
made as thermocouple ammeters, milliammeters, and voltmeters; 
and as a-c rectifier type instruments. For technical data consult 
your Weston Representative, or write Weston Electrical 
Instrument Corporation, 606 Frelinghuysen Avenue, Newark 
5, New Jersey .. . manufacturers of Weston and TAGliabue 
instruments. 





WESTON Ldn 








OR Ke 1 uf 


covers half of the Scale! | 


The measurement of very small capacitances at radio frequencies 
is sometimes a difficult problem. To simplify this important meas- 
urement, G-R has developed the Type 1612-AL R-F Capacitance 
Meter, having two ranges from zero to 10 micromicrofarads and 


zero to 100 micromicrofarads. 


Compact, very simple-to-use, accurate 
and rehable, this new meter fills a demand 
for many measurements of small capaci- 
tances such as: 


Ceramic Capacitors — tubular ceramics (insu- 
lated and uninsulated), disc-type cer- 
amics, tubular ceramics included in v-t 
sockets 


Molded Mica Capacitors — foil- or silver-mica 


Variable Trimmer Capacitors — variable mica, 
variable plate-type, variable multi-cup- 
type air, variable ceramic, and variable 
piston-type with glass dielectric 


Vacuum-Tube Sockets 
, The operation of the instrument is very 
simple. Merely: (1) set the main dial to one 
of its two zero points, (2) turn ‘“‘Zero Ad- 
just” dial for maximum meter reading, 
(3) turn “Output Adjust” dial for full- 
le reading on meter. Connect the un- 
known to the “X” terminals and retune 
the main dial to obtain maximum meter 


reading. The capacitance of the unknown 
is then indicated directly by the main 
dial setting. 

The capacitance accuracies are: LOW 
RANGE of 0 to 10 uxf: +0.03 uuf below 
1 wef, and +3% between 1 and 10 uf; 
HIGH RANGE of 0 to 100 wuf: +0.3 uuf 
below 10 uef, and +3% between 10 and 
100 uef. 

On the 10 uxf range, the first uuf occu- 
pies almost one-half of the scale length, and 
settings can be made to 0.002 uxf! 

In addition, the meter can be used to 
approximate the dielectric loss by observ- 
ing the amount by which the final tuning 
adjustment during measurement fails to 
reach full-scale on the indicating meter. 

Togetherwithitscompanion Type1612-A 
R-F Casuciees Meter (with ranges of 0 
to 1200 uxf and 0 to 80 uxf) this new meter 
provides an unusually simple, accurate 
and direct method for measuring capaci- 
tances over a very useful range, at radio 
frequencies. 


TYPE 1612-AL R-F CAPACITANCE METER ... $170 
TYPE 1612-A R-F Capacitance Meter ..... 170 


For the measurement of r-f capact- 
tance of tube sockets, these adaptors 
are required. Three are available: 
Type 1612-P 1 for 7-pin miniature 
sockets, to measure ‘“‘ No. 4 contact 
to all”; Type 1612-P2 for octal 
sockets, to measure ‘‘ No 4. contact 
to all” ; Type 1612-P3 for 9-pin 
miniature noval socket, to measure 
‘* No. 5 contact to all.” The adapt- 
ors fit into and shield around the 
“X" terminals on the meter. They 
are priced at $9.00 each. 


In shifting from one range to an- 
other, no extra panel switching is 
required, The change in range is 
accomplished automatically as the 
dial is rotated from one half of the 
scale to the other, the switch shown 
above automatically performing the 
operation. 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass. 


NEW YORK 4 


CHICAGO 5 


LOS ANGELES 38 


Way 1 of 
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OHIMITE 
JAN-TYPE 


WIRE-WOUND 


RESISTORS 


MEET REQUIREMENTS OF 
JOINT ARMY-NAVY SPECIFICATION JAN-R-26/ 


STYLES AND SIZES 


TAB-TERMINAL TYPE 
{Characteristics G and J 


Overall 

I Style length 
7 RW-35 ” 

RW-30 1 & RW-36 
RW-31 10 
RW-32 12 RW-37 
RW-33 } 18 RW-38 
RW-34 3” 30 RW-39 


TAB-TERMINAL TYPE 
with terminal hole to 
clear No. 8 screw 
+ Characteristics G and J 


Ohmite offers an unusually complete line of resiste 
that meet the most rigid requirements (Characterist 
“G” and “J”) of Joint Army-Navy Specificati 
JAN-R-26A. To meet these requirements, resistors mu 
pass severe moisture resistance and thermal shock tes' 
They are required to withstand strenuous vibrati 
applied for five continuous hours. And, they must sati 
the requirements of many other tests, including momen’ 
overload, mechanical strength, and terminal strength. 


Diameter *Watts 
29/32” 38 
1-5/16” 60 
15/18" 
1-5/16” 
1-5/16” 


*Watts 





FERRULE-TERMINAL 


TYPE 
tCheracteristics G and J d 
Overall Of the 38 different resistor styles listed in JAN-R-26A,” 


Diemeter *Watts Ohmite offers 33 styles that meet these specification 


1-5/16” 
1-5/16” 
1-5/16” 
1-5/16” 
1-5/16” 


135 


length 
117/16" 

' 9-5/8” 
7-1/6" 
5-1/8” 
47/16" 
2-15/16" 


15/16" 
1-5/16" 
15/16" 
1-1/16" 
1-1/6" 
3/4” 


These styles represent the most popular resistors, and ai 
available in a complete range of resistance values, in 


types and sizes listed. 


0-1/2” 1-9/ 16” 45 


FLAT (Stack Mounting) 


TAB-TERMINAL TYPE 
Characteristics G and J 
Overall Width Thickness 

of Core 
1-3/16” 
1-3/16” 
1-3/ 16” 
1-3/16” 
1-3/16” 


2-3/8” 3/4” 


AXIAL-TERMINAL 
TYPE 
Characteristics G and J 
Length of 
Style Core** Diameter *Watts 
aw-55 1-3/8” 5/8” . 
aw-sé 2” 5/8" 
**2.1/2" wire leads 
*Watts free air JAN Choracteristic “G” 
TAlso meet requirements of Characteristics 
F, H, E, and D which were recently removed 
from Spec. JAN-R-26A. (Amend. 2) 





OHMITE MANUFACTURING COMPANY 
4886 Flournoy St., Chicago 44, Il. 


Se Kight with... 
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RHEOSTATS RESISTORS ¢ TAP SwITCHE 
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BROWN DIFFERENTIAL CONVERTER 


(pneumatic-balance flow transmitter) 
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Arren long and rigorous testing in the 
field, the Brown Differential Converter is 
ready to set new high standards of sim- 
plicity and precision in the measurement 
and transmission of flow. 


Operating on the pneumatic-balance prin- 
ciple, this compact and lightweight unit 
converts differential pressure at the orifice 
into a proportionate output air pressure 
which is a measure of flow. Range is con- 
tinuously adjustable, from 0-20 to 0-200 
inches of water. All adjustments are easily 
and simply made, without special tools or 
extra parts. 


Applicable to a wide range of continuous 
processes, the Brown Differential Con- 
verter is the forerunner of an entirely new 
series of pace-setting developments made 
possible through Brown Creative Instrumen- 
tation. For detailed information write for a 
copy of new Catalog 2281 . . . and call in 
our local engineering representative for a 
discussion of your process needs. Offices in 
more than 80 principal cities of the United 
States, Canada and throughout the world. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4482 Wayne Ave., 
Philadelphia 44, Pa. 































Specify 


CONTROL 
PANELS 


by 
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AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning 
and production of distinctive, finished housings 
with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 





92 FALSTROM COURT °* PASSAIC, NEW JERSEY 
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TECHNICAL ARTICLES 


Methods for Sorting Mixed Metals..............ccccsssesssesens 
By Antony Doschek 


Correction Factors for the Balancing Effect of a 
Gas in One Leg of a Manomete?............:ccccsssssssssessees 
By Howard S. Bean and Francis C. Morey 


BURTON OF RGSS. ovsicisicccsssccococsosscsocscssccesesavooudssassaenee 
By Lloyd B. Macurdy 


Modification of Portable Strain Indicator for Use 
with a Closed External Bridge Circuit............ccccse 
By C. E. Bowman and W. J. Craig 


Photoelectric Measurement of Dust............ccccsessesssessee 
By John E. Coolidge, and George J. Schulz 


Direct-reading D-c. Strain-gage Bridge (Part II)........ 
By Robert W. Troke 


THE MONTH’S NEW INSTRUMENTS ........ 


INSTRUMENTS ON THE MARCH 
Wide-range R-f. Micropotentiometer............ssssese 
Torquemeter on Aircraft Test Stand... 


Safety . InstruMentarvion. ..s0...cciscccccssscossssesccsccossessaess vate 


OTHER REGULAR FEATURES 








JOURNAL of the 
INSTRUMENT SOCIETY OF AMERICA ....... 583 








JOURNAL of the 
SOUTHERN CALIFORNIA METER ASSOCIATION 


Operation of a Telemetering System without 
Commercial Power at Transmitter...........cccsssssese 


By W. L. Masheter 
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TEMPERATURE INDICATORS 
FOR AIRCRAFT 


TO AIR FORCE SPECIFICATIONS 





THERMOCOUPLE TYPE RESISTANCE TYPE 
/ 


12 oF 24 volt rati 
2" Single shown with removable ssieinitaaipoeiiaeis Pe 


Bezel. For exhaust temperature, 2” Single, range —70 to +-150°C 
range 0 to 1000°C, Chromel- oil temperature indicator, for ring 
Alumel. clamp mounting. 

2%4"" Dual shown with removable 

Bezel. For exhaust temperature 2” Single, range —50 to —50°C 
range 0 to 1000°C, Chromel- for carburetor-air temperature 
Alumel. Fs indication, ring-clamp mounted. 
2” Single, for ring clamp mount- ye Pr a 

ing. For cylinder temperature, 2” Single, range 0 to 190°C for 


range —50 to +300°C, Iron- oil temperature indication, ring 
onstantan. clamp mounted. 


Available in all standard ranges for cylinder head, bear- 
ing carburetor-air, coolant, oil, free-air and heating-duct 
temperatures. For best results, use LEWIS resistance bulbs 
as sensing elements with LEWIS instruments. Any of 
above instruments may be supplied with type A-1 bezel 
if specified. 


STANDARD AN5525-1 STANDARD AN5525-2 AN5540-1 AN5540-2 AN5545-1 AN5541-1 
with 1% in. stem with 4 in. stem 


In addition to the standard “AN” Types illustrated, we manufacture thermocouples for test work as well as special types to 
customer's specifications. 


THE LEWIS ENGINEERING CO. 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 
et, ee ee cee” “Oe erm 8 8 
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A CASE HISTORY OF WHY. 


>» HIGH NATURAL FREQUENCY 
> INHERENT FAST RESPONSE 
» CONTROLLED READABILITY 


ARE IMPORTANT 
ADVANTAGES OF THE 


MER 


FORCE MEASURING SYSTEM 


a 


~ 
| 


SIMPLE 


THE PROBLEM: A leading manufacturer 
wished to accurately read loads on a dy- 
namometer for testing engines. 


The torque measuring system they were 
using failed to provide accurate or usable 
readings; external vibration was present 
and the system went into resonant vibra- 
tion at points where accurate readings 
were most desired. Even minor variations 
in the load produced erratic readings. 





COMPACT 
PORTABLE | | 


oe a 


—t, Cooma 


3/16 OD TUBING. 


HOW EMERY SOLVED THIS PROBLEM 


HIGH NATURAL FREQUENCY: A typical Emery 
cell has a deflection of less than .005” for full ca- 
pacity and a high natural resonant frequency of 
40,000 cycles per minute. This frequency was far 
above the external disturbing frequencies en- 
countered in the above problem (and actually far 
above any such disturbances found in usual ap- 
plications). A precise and steady dial reading is 
now obtained over the full range of testing speeds. 


FAST RESPONSE: With the Emery system, full 
scale indicator reading is obtained in less than 
% second. This inherent speed is unusual and im- 
portant, but an even greater advantage of the 
Emery system is its 


CONTROLLED READABILITY: Response of the 
indicator can be that of the inherent fast speed 
above, or it can be controlled by one simple 
Emery valve to follow and read load fluctuations, 
or to provide a steady reading of the mean value 
of a vibrating load. This control was another 
major factor in solving the problem described 
above, and in many other installations. 


DIRECT | 
READING=—= 
IN POUNDS 


NO 
EXTERNAL AIR OR 
POWER SOURCE 
REQUIRED 


THE A. H. EMERY CO. 


* 688 MAIN ST., STAMFORD, CONN. 


When inquiring, a detailed description of your problem will 
aid us in sending you the proper information promptly. 
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Major M. F. Behar, Editor 
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‘ 


DistRICT OFFICES AND MANAGERS 


Altadena, Calif., M. D. Pugh, 2721 N, 
Marengo Ave., Telephone Syca- 
more 7-2894 


Boston 14, James Condon, 36 Myrtle St, 
Telephone Lafayette 30829 
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phone Andover 3-4299 
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Elberon Ave., Telephone Grand 
view 4323 
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9940 
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10th St., Telephone Chestnut 1965 


SUBSCRIPTION RATES 
For One, Two and Three Years. 
United States, U. S. Possessions 
and Canada $3.00, $5.00, $6.00. 
Latin America and Australia $4.00, 
Audit Bu- $6.00, $8.00. 
Sa” All other countries except those noted 
below $5.00, $8.00, $10.00. 
For the present, subscriptions not accepted from Austri; 
Bulgaria, China, Czechoslovakis, Eastern 
Hungary, Indias, Poland, Romania, Russia and Yusoslavis. 
Payments from outside the U. 8. A. must ue 
the form of an International Money Order 
check on a U. 8. bank. ; 


MEMBER 


Position and company connection ss well i} 
products manufactured must be indicated in 
subscription orders, 
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In the great new pipelines serving metro- EQ ulP ME NT IN SE RV IcE 
United States, American 
ision equipment plays CBV Regulators, Pilot 7 


a vital part. Ame instrumentation as- Spring oF Weight Loade Meter Runs 


sures complete operating control, accurate CBV Regulaters, Pilot g, ont _ 
records for better planning, reduction of Remote Controlled 5) Otten 


operating costs and satisfied customers. 
Orifice Meters Recording 9. 


Wi E R Cc Orifice Meters Integrating Controllers, Pressure 


comp 
INCORPORATED (ESTABLISHE 


Differential Valves 


Orifice Meters 


Telemetering Controllers, Flow 


GENERAL OFFICES — 69 EAST 42nd STREET Orifice Meters Integrating Temperature ah 
NEW YORK 17, N. Y. Remote Counter Pressure Recorders 
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OOK OCR P EIA eS, 





It doesn’t take much imagination to realize what's 
going to happen when those slugs of oil hit Mr. 
Instrument! You know how oil in compressed air 
instrument lines can foul-up production, cause down- 
time, and play havoc with maintenance costs. And 
the real tragedy is that oil in instrument lines just 





isn’t necessary these days. 





Here's why: Ingersoll-Rand has trouble-free air com- 
pressors that don’t pump oil. NL Compressors feature 
pistons fitted with patented, graphitic-carbon rings. 
The rings prevent metallic contact of the piston with 
the cylinder bore. These carbon rings are segmental 
with metallic inner expanding rings to give the 





70 years 
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Picture of a tragedy about to happen! 


proper wall pressure. Because of the elimination of 
metallic contact, and the self-lubricating qualities of 
the carbon rings, the Ingersoll-Rand NL Compressor 
cylinders require no lubricant. 


Here’s your opportunity to cure a lot of maintenance 
and production headaches caused by oil slugs in 
instrument lines. Ingersoll-Rand has complete engi- 
neering data on NL Compressors that will interest 
you...including the 2 or 3 hp Model 235 HNL 
shown below plus other models available through 
250 hp. Contact your nearest I-R representative, or 
write direct to Ingersoll-Rand Company, 11 Broadway, 
New York 4, New York. 


Ingersoll-Rand 


NL COMPRESSORS 


pese new compressors for air 
0 \ Peroteg 
"Sup, 
Ms 7 





ih) 
how gore? 
ry 
sor know 








627°3 













Fast 


A Bru 
one of | 
pany p 

This 
it took 
magnit 
the cor 
from tl 
provid 
adjustn 

This 
of hun 
mecha 
speedi. 
instant 
strains, 
temper 









J 





What's wrong with 
telephone WU 2-1186 


sas52> 











A 
MM 
hi . 
i 
; 
| 




















i 
| 
Is 


tities 
ile 















| 
sone eee 
Ses 
= ee 
im ss 
SSS ee 
LS oF 
Sa= 
= Petank SSeaaeS 


am 
is SE eee a 







BES a SaaS Ss 
=SBERSS== 2622252 
ta ee th ee 
32a SSbe sa se SSS SS SS 


THE BRUSH DEVELOPMENT CO. 


Fast relays checked by BRUSH Analyzer 


A Brush Analyzer drew the graph above when Write for time-saving help stating your prob- 
one of the subscribers of an eastern telephonecom- lems. The Brush Development Company, Dept. 
pany picked up his phone and dialed WU 2-1186. A-6, 3405 Perkins Avenue, Cleveland 14, Ohio, 
U. S. A. Canadian Representatives: A. C. Wickman 
(Canada) Limited, P. O. Box 9, Station N, Toronto 
14, Ontario. 


This record—drawn automatically in the time 
it took to dial the number—shows the timing and 
magnitude of every electrical impulse involved in 
the complex operation. Such records of impulses : iit as : 
from the ile al both subscribers and operators Pat tins uling witha 
provide the tip-off on equipments which require BRUSH RECORDING ANALYZER 
adjustment or repair. 


This check on fast relay operation is but one page 
of hundreds of investigations of electrical and 
mechanical phenomena which are being made Vitlds 
speedily with Brush Analyzers. They record 


instantaneously. They simplify the study of pEyELOPMENT COMPANY 
strai . . . ee . 

ns, displacements, pressures, light intensities, PIEZOELECTRIC CRYSTALS AND CERAMICS + MAGNETIC RECORDING 
temperatures, d-c or a-c voltages or currents. ELECTROACOUSTICS * ULTRASONICS ¢ INDUSTRIAL & RESEARCH INSTRUMENTS 
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by outperforming its own specifications... 


Read the specifications of the Type 303 and 
you'll call it a 10-megacycle, quantitative 
instrument: operate the Type 303 and you'll 
realize you've sold it short. You'll find per- 
formance beyond the exacting limits of its spe- 
cifications! 

An exceptionally fine, medium-priced cathode- 
ray oscillograph, the Type 303 employs the new 
Type SYP- Cathode-ray Tube. High sensitivity 
and an unusually wide range of sweep speeds 
make the Type 303 especially well suited for 
the study of high-frequency phenomena. 
Using the equivalent of five inches of undis- 
torted deflection on the Y axis, and six times 
full-screen expansion on the X axis, qualitative 
analyses can be highly detailed with the Type 
303. Time and amplitude calibration add quan- 
titative precision to this analysis, making the 
performance of the Type 303 unrivaled in the 
medium-price field. . 


X AXI 


Specifications 
CATHODE-RAY TUBE — Type 5YP- 


Y AXIS: 

Sensitivity — 0.1 peak-to-peak volt per inch (down 
30% at 10 cycles per second and 10 me.) 
down 50% at 15 me. 

Pulse Rise Time — 0.03 microsecond. 

Available Undistorted Deflection — 5” for symetrical 
signals and 2'/2” for unidirectional signals. 

Signal Delay — Sufficient to allow for sweep-starting 
time. 


Sensitivity — 0.35 peak-to-peak volt/in. (flat to d-c 
down 30% at 500 ke). 

Available Undistorted Deflection — 5” 

SWEEP SPEEDS — up to 6” /ysec, obtained by expansion. 

SWEEP DURATION — Continuously variable from 0.1 sec. 
to 2 psecs. Driven or Recurrent operation. 

VOLTAGE CALIBRATION — Square wave with peak-to- 
peak amplitudes of 0.1, 1, 10, and 100 volts. Accu- 
racy £ 5%. 

TIME CALIBRATION — Pulsed oscillations corresponding 
to time intervals of 100, 10, 1, or 0.1 psec. Accuracy 
better than + 3%. 

INTENSITY MODULATION — (5 volts peak will blank 

the beam. 


DuMont for Oscillography 


INSTRUMENT DIVISION @ ALLEN B. DU MONT LABORATORIES, INC., 1000 MAIN AVENUE, CLIFTON, N. J. 

















.,. measures pressure or flow 
and transmits a proportionate 
signal to remotely-located 

recording or control devices. 


for detailed 
information 


Send for this 
bulletin 








FLOW SIGNAL TRANSMITTER 
HIGH PRESSURE Typg 











Tranimi 
mits a pneumar, 
40 1500 psig. Fut 5 “ "gnal proportional to floy 
ale differential Pressures fro rad at For 
2m 5.5 inches 
water 









Matic Pressures up 
column to 100 pu 







BULLETIN 2551 













Just fill out and mail the coupon eS eae 
—_— 


Hagan Building, Pittsburgh 30, Pa. 


Please send me a copy of your new bulletin, “Hagan Flow Signal 


HAGAN CORPORATION | 
Ps fastest baeahecoretematnctonntic a 
RING BALANCE FLOW AND PRESSURE INSTRUMENTS 
BOILER COMBUSTION CONTROL SYSTEMS 17.9 1G) Sen pe EGE WS EM ERM AEE se. oe eNO TT cr ep ave 
METALLURGICAL FURNACE CONTROL SYSTEMS 
COMPANY 
NAN RAE RRL ee eR IA. Wake icy ONES Oe em 
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SHAKER REMRVR TSH Ee 





I 
STANDARD AC SPECIFICATIONS 
VA capacity 150 250 2000 5000 
500 1000 3000 10000 


15000 
Harmonic Distortion 3% max. 2%max. 3% max. 3% max. 
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MODEL NO. 500-S 








Regulation accuracy _+_ 0.1% against line or load 
































Input voltage 95-130 VAC; also available for 190-260 VAC 
single phase 50-60 cycles 

Output voltage Adjustable between 110-120; 220-240 in 230 
VAC models 

Load range 0 to full load 

P.F. range Down to 0.7 P.F. All models temperature 
compensated 














NOTE: THREE PHASE AND 400 CYCLE REGULATORS ALSO AVAIL- 
ABLE. ALL REGULATORS CAN BE HERMETICALLY SEALED. 
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Write for Complete Literature 
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For regulated DC problems investigate Sorensen’s 


line of Voltage Reference Standards, 


Bownsten 


MANUFACTURERS OF AC LINE REGULATORS, GO AND 400 CYCLES; REGULATED DC POWER SOURCES; ELECTRONC 
INVERTERS; VOLTAGE REFERENCE STANDARDS; CUSTOM BUILT TRANSFORMERS; SATORABLE CORE REACTORS 


DC Supplys, and NOBATRONS 


and company, ine. 


375 FAIRFIELD AVE. ¢ STAMFORD, CONN. 
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The Control Valves 


DESIGNED ESPECIALLY 
FOR INSTRUMENTATION 


The bodies of K & M Control Valves are especially designed to 
assure close and positive control by instrumentation. They have 
unrestricted inlet and discharge passages and permit smooth flow 
with a minimum of turbulence. Pressure drop is held to a mini- 
mum and occurs principally through the inner valve where it is 
controllable through the full valve travel. The construction of 
the K & M diaphragm motors assures extreme precision in this 
control. Throughout, K & M Control Valves are engineered to 
perform reliably in the most exacting applications. 



















New - type topworks 
with open yoke of 
cost steel. Combines 
occessibility with 
strength and resist- 
ance to shock. 










K & M valves are available in sizes from 12 to 20-inch, com- 
plete with diaphragm motor and are made in 13 different 
types to meet varying requirements. Constructed of semi- 
steel, bronze, cast steel or special alloys. Inner valves in 
beveled quick opening, percentage parabolic or percen- 
tage V-port design as standard. Facings range from soft 
rubber to stellite. 






Pressure drop occurs 
principally through 
the inner valve where 
it is controllable. 
















Because of their modern ‘design, all K & M valve 
bodies have extremely high capacities in relation 















































































































— to corresponding pipe size: 
100 pst 
ae oy y 
21 20 Ss od 
“i ort vit 
<| 10 eS ail 
3 y a 
5.0 * | 
a 
Z| 20 nan oF 1 on SOanvAlve Gren fase ad 
i 1.0 AREAS AVERAGE 80% OF 1) 
v4 CROSS-SECTIONAL PIPE AREA 
0.25 | AS SS RS) es 
% % 11%% 2% 3 4 5S 6 8 10 12 16 20 














NOMINAL VALVE AND PIPE SIZE 









Over-size, streamlined body creas reduce turbulence 
and friction to a minimum and assure smooth, maxi- 
mum flow. 








K & M Series 1400 top- 
and-bottom guided dia- 
phragm motor valve. 






KIELEY & MUELLER 


Established 1879 
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Oo peacetime boats of commerce and travel—on 
warcraft—Guardian Relays play major control 
roles, ranging from Marine radio to navy aircraft. 
A.N.CONNECTOR PLUG The Series 335 D.C. approved Guardian Relay shown 
HERMETIC SEALED above is typical of Guardian units built to rigorous 
nen aviation standards. Meets the 10-G Vibration Test 
and the Mil-R-6106. Generous coil winding area 
permits single winding up to 15,000 ohms. Parallel G UAR D IAN 
and double windings available. 


The Series 335 D.C. approved Guardian Relay packs loads 
of power over a wide operating range, withstands moisture, 
salt air, temperature changes, dust, vibration and impact. 
Available in standard open model or with A.N. Connector 


Plug, Octal Plug and Lug Header hermetic seal containers. 


NEW CATALOG on Hermetically S 


& 















ealed Guardian Relays with various containers is yours for the asking, cost-free. 





a 









eo, 
+ J 





we '* oe Wien nic ae s j i I sil 
Series 30 A.C. Series 210 A.C.—215 D.C. Series 220 A.C. Series 595 D.C, Series 610 A.C.—615 D.C. 


WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 


GUARDIAN WELECTRIC 


1628-F w. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LIME OF RELAYS SERVING AMERICAN tNDUSTRY 
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use 
Oil Pressure Gauge 


A NEW APPROACH IN AIRCRAFT TORQUE PRESSURE INSTRUMENTATION 


Provides complete freedom from the attacks of 
sand, dust, fungus, salt fog and humidity 


LOOK AT THESE EXCITING “FIRSTS”... 
e Hermetically sealed and helium protected pressure and 
electrical elements. 


e Nispan “‘C” pressure elements eliminating bimetallic 
compensation. 


@ Higher precision in remote transmission. 


e Smaller and lighter in weight with tear-strip ease of 
disassembly. 


e External adjustment through hermetic seal. 


e Isolating link and pressure pick up for temperature 
extremes of —85 and +230 F. 





uSsG 
Manifold 
Pressure Gauge 


usG 
Fuel Pressure Gauge 


Laalily Dupes C ngtnecta few Enltui Seciiey 
oD 





In this Synchro Torque Pressure Transmitter one element 
measures the pressure and the other the ambient outside 
pressure. Together, these two Nispan elements measure 
the applied pressure in a sealed case charged with an 
inert gas, and transmit an electrical signal through a 
glass-to-metal connector. 

This refreshing solution to a difficult problem leads a 
whole flight of new direct-connected clamp-on pressure 
indicators for oil, fuel, manifold, and hydraulic pressures. 


United States Gauge, Division of 


American Machine and Metals, Inc., 
Sellersville, Pa. 


USG 
Hydraulic 
Pressure Gauge 





PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges « Aircraft Instruments « Air Volume Controls « Altitude Gauges * Boiler Gauges, 
Chemical Gauges * Mercury, Gas, and Vapor Dial Thermometers * Glass Tube and Industrial Thermometers * Flow Meters ¢ Inspectors’ Test Gauges 


Precision Laboratory Test Gauges * Marine, Ship and Air-Brake Gauges * Voltmeters * Ammeters * Welding Gauges 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC., AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS AND AUTOBAR SYSTEMS: 
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FOR LIQUID LEVEL CONTROL 


TRANSMISSION and INDICATION 
Pages 


Qe fs 

Ney rim “ig, 

More - Vel se, ed 

> Visiby I stmen, 
e. . 


Dnyo tov ed, ZZ 


New factory calibrating ad- 
justment makes possible ac- 
curate setting of proportion- 
alrange over full float length. 


Ghyprov'ed (Failuee 


New relay —more compact — 
easily removed — easily 


assembled. 


Doyo tov'ed, LEZ 


Operating medium and dia- 
phragm pressure gauges ° 
are glass-enclosed. ¢ This improved Fisher Series a sa 
2500 Level-Trol is designed to 
better meet the requirements of This n 
field service—to give longer life | "2" 
ease of maintenance. It still com- pS age 
bines proportional range and 
specific gravity setting in one § GEC.713 
simple adjustment. Die cast 9 local G-E 
weather—proof pilot case with 
: Pict finish, and im- 
proved lock hasp. Series 2500 
Type 2500-249 Pilot Assembly is intorchongoulll 
Level-Trol with Fisher Series 2405 Pilot As- 
semblies now in service. , 


FISHER GOVERNOR CO. 
MARSHALLTOWN, [OW 
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PRECISE TEMPERATURE CONTROL 
FOR COSTLY HEATING LOADS 


Expensive loads in industrial heating furnaces are closely con- 

railed with the new General Electric pyrometer equipment. 
"Any change in furnace temperature equivalent to 1/10 of 1 
Pper cent of full scale starts immediate control action when the 
‘furnace has come up to temperature. Furthermore, normal 
“changes in humidity, ambient temperature, and voltage do not 
‘have a significant effect on the preciseness of control operation. 


| G-E controlling pyrometers have other features: Micrometer- 

“type setting mechanism allows exact set-point adjustment. Dual 
“se _ of three-position controllers can be fixed independ- 
‘ently at any two values throughout the full-scale range. Built-in 
cold-junction compensation of the thermocouple prevents 
changes in ambient temperature at the instrument from appre- 
ciably affecting performance. And thermocouple-break protec- 
tion automatically removes the load on a furnace in the event 
of a break in the thermocouple circuit. 


This new equipment is made in indicating, protecting, and 
two- and three-position control forms. It is available in a variety 
of standard temperature ranges in the 0-3000 F span. For more 
details about these process instruments, get in touch with your 
nearest General Electric representative; or write for Bulletin 
GEC-713, ““G-E Indicating and Controlling Pyrometers.”’ Your 
local G-E salesman can also tell you about the complete line of 
thermocouples offered; information will be supplied if you write 
for Bulletin GEC-714, ‘G-E Thermocouples, Components, 
and Accessories.” General Electric Co., Schenectady 5, N. Y. 


GENERAL @@ ELECTRIC 


PYROMETER 
EQUIPMENT 


Type HP-3 ON-OFF pyrometer con- 
troller being used with a 25-inch 
air-draw furnace 


General Electric's pyrometer line consists of flush- and 
surface-mounted indicators, controllers, and protectors. 
Shown above is a Type HP-3 two-position indicating controller 


602-207 
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-hp- 200 Series Audio Oscillators 


Six standard models, —hp— 200A and 200B 
have transformer-coupled output delivering 
l‘watt into matched load. —hp— 200C and 
200D have resistance-coupled output and 
supply constant voltage over wide frequency 
range. —hp— 202D is similar to 200D, with 
lower frequency range. —hp— 2001 is a 
spread-scale oscillator for interpolation or 
where frequency must be known accurately. 





_ * 

-hp- 650A Resistance-Tuned Oscillator 
Highly stable, wide band (10 cps to 10 mc), 
operates independentiy of line or tube 
changes, requires no zero setting. Output 
flat within 1 db. Voltage range 0.00003 to 3 
volts. Output impedance 600 ohms or 6 ohms 
with voltage divider. 





igeiie 


-hp- 206A Audio Signal Generator 


Provides a source of continuously variable 
audio frequency voltage with less than 0.1% 
distortion. Very high stability, accuracy 0.2 
db at any level. Specially designed for test- 
ing high quality audio circuits, checking FM 
transmitter response and distortion, broad- 
cast studio performance or as a low distor- 
tion source for bridge measurements, etc. 


HEWLETT-PACKARD Mp INSTRUMENTS 
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Accurate ac test voltages 
72 to 10,000,000 cps 


Whatever ac test voltage you need—whatever frequency or magni- 
tude you require—there is an -/p- oscillator or generator to provide 
the exact signal desired. 


-hp- oscillators offer complete coverage, 1/, cps to 10,000,000 cps. 
They are dependable, fast in operation, easy to use. They bring you 
the traditional -/p- characteristics of high stability, constant output, 
wide frequency range, low distortion, no zero set during operation. 


-hp- oscillators and audio signal generators are used by manufactur- 
ers, broadcasters, sound recorders, research laboratories and‘ scien- 
tific facilities throughout the world. For complete details on any 
-hp- instrument, see your -hp- sales representative or write direct. 


HEWLETT-PACKARD COMPANY 
2250 C Page Mill Road Palo Alto, California, U.S.A. 
Sales representatives in principal areas. 
Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles 
2250 
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-madle SYLPHON STAINLESS STEEL BELLOWS ASSEMBLIES 


aimee YOU USE stainless steel bellows 
assemblies, in thermostatic devices, pressure 
controls, hydraulic mechanisms, valves, etc.—you 
can make savings when we make them for you. 


Tick them off! No production problems for 
you. We take over the complete job. No question 
about accuracy. We make them to your exact 
specifications. They’re built by skilled personnel 
~backed by half-a-century of experience in this 


specialized field. 


More savings for you. We have the facilities 


and the special equipment that means produc- 
tion for you on schedule—in any volume. 


You may need a stainless steel (or other metal) 
assembly that is similar to one we have already 
produced. Or you may need a special type. What- 
ever you require, our technical staff will work 
with you on design and development—see that 
you get exactly what you need. 


Find out how you can save in many ways. 
Write for information. And ask for that gold 
mine of ideas—Catalog JE-1200. 


TEMPERATURE CONTROLS 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 


ces 
FELLOWS Assematies + BELLOWS DEY" 


BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn. 


vot 
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WRITE FOR YOUR CO 


508—Instruments—Vol. 24 


ww 
a 
Rad 
ae 
= 
© 
= 
rer) 
- 
_ 
2 
x 
ox 
<E 

c 


g 
S 
= 


Page 








FACTS ABOUT THE 


TEMPERATURE MEASURING INSTRUMENTS 


Conventional industrial temperature measuring devices, like 
millivolt pyrometers and potentiometers, are often too fragile, 
complicated or costly for many applications. 


Microsen Temperature Indicators and Recorders have none of 
these disadvantages, whatever the demands of service. They 
are rugged, simply constructed, economical — yet measure tem- 
perature precisely between —100° and + 3000°F. 


Heart of the instrument is the power-actuated Microsen Bal- 
ance, a unit extremely sensitive to low power input—insensi- 
tive to line voltage variations. Both dials and charts are readily 
calibrated to thermocouple temperature scales. Thermocouple 
cold junction compensation is achieved—regardless of ambient 
temperature effects—by a built-in, thermostatically-controlled 
and insulated heater. A sealed housing protects all measuring 
elements from dust and corrosive vapors. 





The high torque rotary solenoid, which drives the pointer, 
makes the instrument especially suitable for round dial indi- 
cation, thus reducing the opportunity for parallax error. It also 
assures “pin point” accuracy in positioning the pointer, and 
permits the use of dials as large as 12 inches. 








HOW MICROSEN INDICATORS AND RECORDERS MEASURE TEMPERATURE 


The Microsen Balance maintains equilibrium 
between two forces. One is proportional to ther- 
mocouple input, the other to the mechanical posi- 
tion of the instrument pointer. 


Any change in thermocouple input deflects the 
Microsen beam and changes the proximity of the 
beam’s flag end to the oscillator coil. The oscilla- 
tor circuit then detunes and creates a current 
change through the vacuum tube and solenoid 
coil. 

As the solenoid armature rotates, it positions the 
pointer so that the hairspring torque is opposed 
and equal to the input torque. The mechanical 
indication is thus weighed in exact proportion 
to thermocouple input. Consequently, the pointer 
accurately indicates the temperature on the dial. 


HAIRSPRING 


MICROSEN BULLETIN 404 contains details about these revolu- 
tionary new temperature measuring instruments. Also included is 
information about Microsen Electric Indicators and Recorders for 
other fields of measurement, Write for a copy. ° 


MAXWELL : A product of MANNING, MAXWELL & MOORE, INC. STRATFORD, CONNECTICUT 
Of. 

MM MAKERS OF ‘MICROSEN’ ELECTRICAL AND ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ 
H M GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES. BUILDERS OF “SHAW-BOX” CRANES, ‘BUDGIT’ 

Teapt wane] AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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HAVE YOU 
CHECKED YOUR 


PLANT PULSE 


pln Ma Mrren perl arrvyr 
LATELY 






AUTOMATIC VOLTAGE REGULATION WILL 
HELP CURE OPERATING DEFICIENCIES 


STABILINE 










= ong -Te) 
MECHANICAL 
TYPE EM4I11°¢ 


— ) VOLTAGE REGULATORS 


feature LOW COST and EFFICIENT OPERATION 
IMPROVE PERFORMANCE and REDUCE COSTS 


Increased demands on today’s electrical manufacturing equipment call for maximum perform. 
ance, extended parts life and reduced maintenance. When incoming line voltages fluctuate, 
manufacturing inefficiencies and rising costs are bound to occur. To maintain constant voltage 
to equipment regardless of variations in line voltage or load current, install a STABILINE 
Automatic Voltage Regulator type EM (ELECTRO MECHANICAL). 

Simple and easy to install, a STABILINE type EM features high efficiency — zero waveform 
distortion — complete insensitivity to magnitude and power factor of load — adjustable output 
voltage and no critical adjustments. 






STABILINE type IE (IN- 
STANTANEOUS ELEC- 
TRONIC), a completely 
electronic unit with no 














Nom. Output Input Voltage Output Voltage Output Current Output 
Voltage Range Range (Amperes) KVA Type 






moving parts, is avail- 






























































atte tn vatings from 0.25 5 95-135 110-120 17.5 2.0 M4102 
to 5.0 KVA. © 52.0 6.0 EM4106 
— 5 130.0 15.0 EM4115 
abe il ia “ 230 195-255 220-240 32.5 7.5 EM4207 
LINES type 16 end EM. 4 120.0 27.5 EM4228 
; , E 
Witte today fer Gulleta a 460 400-520 420-460 15.0 6.6 EM4407 
$351 complete with appli- 40.0 17.6 EM4418 
nen ey sae 230 195-255 220-240 25.0 10.0 EM6210Y 
mensions and circuit 38.0 15.0 EM6215Y 
diagrams. 50.0 20.0 EM6220Y 
© 113.0 45.0 EM6245Y 
& 175.0 70.0 EM6270D 
om 460 400-520 420-460 16.0 12.5 EM6412Y 
2 ; 22.0 17.5 EM6417Y 
= 33.0 25.0 EM6425Y 
66.0 50.0 EM6450Y 
100.0 75.0 EM6475Y 
420-500 420-460 131.0 100.0 EM64100Y 
There’s a STABILINE type EM to meet your need. Standard types are listed in the rating chart. 





For special requirements consult The Superior Electric Company, 705 Church St., Bristol, Conn. 


tue SUPERIOR ELECTRIC co. 


BRISTOL, CONNECTICUT 





POWERSTAT VARIABLE TRANSFORMERS» VOLTBOX A-C POWER SUPPLIES» STABILINE VOLTAGE REGULATORS 
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ONE MAN IN YOUR ORGANIZATION 


w Fittings Are Important 


We D 






“por THE 
10 wo 






Now you can make tube and pipe con- 
nections at 1000 psi and above with 
NO FLARING, NO THREADING, 
NO WELDING, NO SOLDERING! 
The patented design of Weatherhead 
ERMETO Fittings permits installation 
with no tools but a wrench. Easy to take 
apart and..re-tighten with a pressure 
tight joint. Maintenance time saved is 
production time earned! 










3 
® 

























1. Sleeve is heart of Ermeto 
Fitting. Sleeve and nut slip onto 
tube; end of tube inserts into 
body of fitting. 






ES 









2. Tighten nut; pilot of sleeve 











TION 
>STS contracts engaging outer surface 
of tube. 

srform. 

ctuate, 

oltage 

SILINE J 

/eform 

Dutput 





3. Fully tightened. Tube end 
butts tight against body shoulder. 
Nut presses sleeve bevel causing 
entire sleeve to clamp tube. Forces 
acting on sleeve cause it to bow, 
give it a spring action which holds 
tension between body and nut— 
prevents loosening. 






















You can forget psi when you specify 
ERMETO. Designed for high-pressure 


ie use, ERMETO Fittings have so simplified FIRST IN HYDRAULIC CONNECTIONS 


STAM ALIALA, 


and cut costs that it pays to standardize 
on ERMETO FOR ALL JOINTS. The 
advantages in simplified inventories are 
: obvious. ERMETO meets J. I. C. require- 

ments. Made in sizes 4” to 2” O. D. in 


He steel, stainless steel and brass. Plants at Cleveland, Ohio; 
: Angola and Columbia City, 


WRITE FOR DETAILS —get catalog No. Indiana; and St. Thomas, Ontario 
E-1457. Address—The Weatherhead 
Company, Dept. S, 300 E. 131st Street, 
Cleveland 8, Ohio. 
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Here's How : 


VIOLATION OF SMOKE ORDINANG: | 


Za Los | 

§ : 

E22a8¢ oF Ue, é e 
Coy 


Smoke Troubles 7 








¥%& One of your first steps in erasing these troubles window between the Bolometer and the gas passage, 
which result from excessive smoke, should be the 


installation of a Bailey Smoke Density Recorder. sealed beam light source with the Bolometer since 


This 24-hour recorder is not an ordinary photo-cell they are mounted at opposite ends of a slotted pipe 
instrument. Instead it detects smoke density by a which extends across the smoke passage. 


Bolometer which is simply a sturdy tungsten fila- i ace ‘ h 
ment and a parabolic mirror, mounted in a standard For — -_ - sures on how you can profitably 
use this unique instrument to erase your smoke 


sealed beam automobile head lamp housing. , ae F 
troubles, ask for Bulletin 211, “‘Bailey Smoke 


Density Recorder”. 





It’s easy to secure and maintain alignment of the 




















In using this simple, unique smoke detector, you do 
not have to provide cooling devices since the Bolo- 
meter is not harmed by high ambient temperatures. It 


AMBIENT 
. . ; : SEALE! 
is completely sealed against dirt and corrosive gases. BOLOME TER COMPENSATOR 


———— = >| 


esc 















‘ Cleaning is simplified by infiltration of clean I 
air and by use of the lamp housing lens as the only AIR INLET—_| l 


PLANE OF SLOT PARALLEL 


TO PATH OF SMOKE ae 





Diagrammatic Installation of 
Bailey Smoke Density Recorder. 


LIGHT SOURCE 


SEALED BEAM 
PROJECTION SPOTLAMP 


a 







Traction D 









* SWITCHES 


4 a ae” 
50 OR 60 v (=. anon ae 
ae 






eed icieiniaciotaano™ 


BAILEY METER COMPANY 


1041 IVANHOE ROAD, CLEVELAND 10, OHIO ¢ BRANCH OFFICES IN PRINCIPAL CITIES k 
BAILEY METER COMPANY LIMITED, MONTREAL, CANADA 


Let” Gacley Smoke Density Recorders Watch Your Stack 
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HEN THE PRESSURE OF INDUSTRY 
IS GREAT...COUNT ON CHATILLON 
FOR UNFAILING AID! 






Since 1835, John Chatillon & Sons 


have been world famous for the 






precision manufacture of force 


measuring devices which meet the 












most specific requirements of industry. 





TRACTION DYNAMOMETERS 


© For determining sag in stringing transmis- 
sion lines, i 

© To ascertain force required to pull under- 

ground cables and wires through conduits. 












KE ‘ 

“CTOR ensions, pole, insulator and 
ESS 

OR Use in conjunctidl with apatiatvs that 


+ apply force to test strength of materials 
and structures, 


Gear Mechanism is Enclosed in. Dustproof 
is Guaranteed towithin 2% plus 
‘of dial: reading. 


Traction Dynamometers are made in Capacities 
shown below: 















































G29 


Capacity & First Dial Diol [Shipping 
Gradvations Reading Dia. Weight 
in Ibs. Ibs. Inches Ibs » 
eas ele — 4 : prom FILL IN AND MAIL COUPON TODAY CS ieeetiadion| 
2000x 25 150 7 9 } 
ee — : ; g John Chatillon & Sons, 85 Cliff, Street, New York 7, N. Y. \ 
10000 x 100 500 10 15 
25000 x 200 600 14 45 § Gentlemen: Please send me complete brochures on } 
50000 x 250 1000 16 56 | (CD Traction Dynamometers {] Push Pull Gauges | 
100000 x 500 1000 18 | 95 Fe i C) Laboratory Scales C Force Measuring Devices J 
i ON sisi: ccveasivdesicesssendaipsssueiovelsosouseste COMPANY... sis.cseocesceerense<oseseosses I 
a : 


Larger Capacities to Order y 4 





PII ioccsesivestavdcacsacsetibcinccdnccetens POSES PORTE ia onic ecscescscccse ! 









JOHN CHATILLON & SONS 


85 CLIFF STREET, , DEPTS. NEW YORK 7, N.Y. 


Manufacturers of Precision Instruments Since 1835 


May 1951—Instruments—Page 513 


PALMER 


mercury actuated Dial Thermometers 


now in three types to suit any requirements 


Rigid Stem 
Dial Thermometer 


Rigid stem tapered bulb, inter- 
changeable with standard industrial Mey! — 
thermometer separable socket. °nciae ts INC. 





Wall Mounted 
Dial Thermometer 


Wall mounted dial thermometer 
with flexible connecting armor. 
Case adjustable to easy 

reading position. 








Flush Mounted 
Dial Thermometer 


Flush mounted style for panel 
mounting with flexible 
connecting armor. 


= Se! i | 


All three types have 
a full 41/.” dial Face 


| 





for accuracy: Mercury actuated . . . Fully Compensated by Invar Stem can be placed at any 
Compensation. Guaranteed Accurate 1 scale division. gy angle and case can be rotated 
for angularity: Can be adjusted to most readable position at j ; to any readable position. 

any angle desired. 

for readability: Bold Black Numbers... 11’ of scale Reading 

Dial face can always be placed in easiest readable position. 

for interchangeability: Always specify “PALMER” Separable 

sockets as they are interchangeable for Dial or Industrial type 

Thermometers. 


THERMOMETERS, INC. = by 
Mfrs. of Industrial Laboratory, SEND FOR THIS BULLETIN 
Recording and Dial Thermometers For details on the New Palmer 
Dial Thermometer, please write 
2511 NORWOOD AVE., CINCINNATI 12, 0. for Palmer Bulletin 51-129 
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Compare the selection of 

discs available with this 
valve with that of any other wide 
band proportional type. Look at 
them closely ...see how they per- 
mit you to select the disc which 
meets your specific requirements. 
Then check the other features of 
the valve . . . the Specially De- 
signed Diaphragm, the Duplex 
Stem Guide, the One-Piece Bon- 
net, the Packless Bellows Seal, 
the Safety Stem Lubricator, the 
easy reversibility in the field. 


' Your comparison will prove that 
_ the Honeywell Series 700 has all 
of the features you look for in a 
' fine valve. 


© It’s available in a wide range of 


Catalog 700-2, or call in your 
_ local Honeywell engineer . ... 
is as near as your phone. 


MINNEAPOLIS-HONEYWELL 
ReEGuuator Co., Industrial Divi- 
sion, 1908 Windrim Ave., Phila- 
delphia 44, Pa. Offices in more 
than 80 principal cities of the 
United States, Canada and 
throughout the world. 


New Bulletin 750, 
"Control Valve Sizing Data,” 
is now available . 


VARIETY OF DISCS 


A wide variety of discs to meet the most 
exacting process requirements. Included are 
V-port and contoured discs in either linear 
or percentage styles, as well as flat discs for 
on-off service. All discs are ground and pol- 
ished . . . all seating surfaces are mama gs 
assure tight fitting. 


Specially Designed 
Neoprene Diaphragm 


Duplex Upper 
Stem Guide 


One-Piece 
Bonnet 


Packless 
Bellows Seal 


Reversibility 
in the Field 


Honeywell 


VALVE PRODUCTS 
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IT’S TINY BUT IT’S TOUGH! 


PENFLEX BUILDS BIG PROTECTION 
IN SMALL SIZE, FOR CAPILLARIES 


Tough, small and flexible, this metallic tubing, only 
¥,”’ 1.D., was developed primarily as protection for the 
fine capillary tubes in industrial recording instruments. 
New uses every day are found for this remarkable 
flexible protection—as shielding for conductors in ther- 
mocouples, oscilloscopes, and in many electronic ap- 
plications. 


Gas-tight and water-tight, with instant flexibility to 
conform easily to difficult layouts, this Penflex 4-wall 
interlocked metallic hose, in brass, steel or alloys, 
provides ideal shielding in radar and television 
applications or in any low-loss transmission problem. 


That's Penflex “Flexineering” (the science of engi- 
neering each type of flexible tubing to the problem): 


instrument makers needed a tubing that would con- 
form easily, yet provide tough, sure armor for delicate 
capillary tubes. Penflex gives just such protection: 
the 4-wall interlocking construction assures competent 
strength, resistance to corrosion and high temperatures, 
and an easy flexibility. 


Penflex builds flexible metallic tubing from 5/32” LD. 
to %” LD. in galvanized, bronze, stainless-steel and 
Monel metal. For quick solutions to problems on leak- 
proof, flexible shielding for capillaries or conductors in 
the instrument field, Penflex has the answer. For engi- 
neering service and a complete line of metallic hose 
and tubing it’s Penflex. 


PENNSYLVANIA FLEXIBLE METALLIC TUBING CO. 


7212 Powers Lane 


Philadelphia 42, Pa. 


Branch Sales Offices—BOSTON * NEW YORK e CLEVELAND « CHICAGO « HOUSTON e LOS ANGELES 


ooo HEART OF INDUSTRY’S LIFE LINES 
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NEW SERIES 900 
RECORDING THERMOMETER 


The Bristol Series 500 Recording Thermometer 
fortemperatures between minus 125 F and 1000 F 
incorporates every modern improvement for de- 
pendable accuracy, ease of use and convenient 
servicing. 

In addition, it represents all the wealth of ther- 
mometer “know-how” gained by nearly 60 years 
of experience in building hundreds of thousands 
of recording thermometers—known all over the 
world for their high accuracy and dependability. 

Send for the new Thermometer Catalog T840. 
Address THE BRISTOL COMPANY, 13 Bristol Road. 





Waterbury 20, Conn. 


MORE SECURELY SEALED—TROUBLE-FREE STURDY, FRICTION-FREE CONNECTION FLEXIBLE ARMOR is interlock-type, with- 
~The measuring system is securely sealed between measuring element and pen arm stands heaviest abuse. Bu/bs—plain, union 
against leakage. Parts are joined with silver mechanism is provided by strong, adjustable or socket type —easily converted. 


wlder by induction heating. links with polished stainless steel pins. 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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ow fo make Oscitlograms FAST 


~ \. —SET UP THE CAMERA 
—SNAP THE SHUTTER 
—SEE THE PRINT 


ALL IN 3 MINUTES—or even less 
with the Fairchild-Polaroid® Oscilloscope Came 


The easiest way is the fastest way when you're photo. 
graphing oscilloscope images with the Fairchild. a 
Polaroid® Oscilloscope Camera. 












































UTD . ° P 
Fee ee eee tier ererehild Polaroid —_No more darkroom processing! With this new camer 
hood, and camera body. To set it up, you place it takes only two minutes (less if you're fast) to set up 
the handy adapter ring over the oscilloscope and snap the picture, one minute to finish a print. Each 
bezel, slip the hood into the ring, then snap the 3% x 4% print records traces exactly one-half life siz 
camera into the bayonet lock on the hood. That to make comparisons easy. an 
supporting rod is a safety feature that protects Write for complete data and prices on F-284 Oscilloscops 
both camera and oscilloscope. Camera Kit including camera, carrying case, and film 


Fairchild Camera and Instrument Corporation, 88-06 Vail 
Wyck Boulevard, Jamaical1,N. Y. Dept. 120-14F1, 


SPECIFICATIONS 
LENS—Special 75 mm. f/2.8 IMAGE SIZE—One-half reduction of ' 
. Wollensak Oscillo-anastigmat. scope image. 
SHUTTER—Wollensak Alphax; WRITING SPEED—to 1 in/usec of 
speeds 1/25 sec. to 1/100 sec., only 3000V accelerating potential.§ 
“time,” and “bulb.” higher speeds at higher voltages. 
7 - DIMENSIONS—Camera, 101 x 5% 
FOCUS—Fixed (approx. 8 in.) x 6% in.; hood, 11 in. length, 7 
? oe in. dia.; adapter, 2 in. width, 
PICTURE SIZE—3 4 x 44 in. 65 in. max. dia. 
(2 or more images per print; 
16 exposures per roll of film.) WEIGHT—Complete, 7% lb. 








m Pull the tab to finish exposed print. Typical of the work 









After a snap of the shutter, the exposure is made being done with this 
~ ; ; camera is this 314 x 
and you're ready to finish the print. If you want 414 print of 35-milli- 
two exposures, it’s easy to move the camera body second single-sweep 
down and make a second exposure. To finish the transient—one of a 
print, you merely pull tab at back of camera. series of accelerome- 





ter-output recordings 
that made possible the 
completion of nie 

recorded “drop-tests” 
in 40 minutes. 




















pelt thes, nln rbacltete 


+ Remove the finished print. A minute after 
you’ve pulled the tab, the finished print is ready IR 
for evaluation. Just open the camera back and 


ee oe oe Pees Ge ae ate i eee OSCILLOSCOPE RECORDING CAMERSS 


time than you could sketch it from memory. 
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cm The WET Precision Dial Manomeler 


MMe x 5Y 


ngth, 7! 
th, 
The W&T Precision Dial Manometer answers the problem of conveniently 
: measuring pressure with a sensitivity of 1 part in 10,000. 
— This sturdy, compact instrument, which is widely used for wind tunnel 


work, power plant test stands and in gas turbine testing, has a large easy-to-read 
dial. It is custom calibrated in any pressure units over various ranges up to a 
maximum of 200 inches of mercury. 





In addition, the W&T Precision Dial Manometer possesses these outstand- 
ing advantages: 


ACCUTEEY 2. cc ccccccccceck PARC iD 1000 
Seale length... ......00.+ 4 
Case ....................pressure tight, metal for flush mounting. 


Full protection against over pressure. 
Measures gauge pressure, vacuum and differential pressure. 


This instrument with its sensitive response and precision results is typi- 
cal of a wide variety of pressure instruments of all types — from low pressure 
indicators to altimeters — manufactured by W&T. If you have a problem in 
pressure measurement, write, telling us the details. We’ll be glad to help. 





WALLACE & TIERNAN 


nO Ok OR On ee On 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 


Belleville 9, New Jersey * Represented in Principal Cities 


ERAS 
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Four new Speedomax Recorders 
to plot lab data automatically | 









To save the researcher from tedious curve plotting, here g 
4 new Speedomax Recorders. There’s a double-pen recorder 4 
put two continuous curves on one chart... there’s a recorder 
“X-Y” curves ... there’s an adjustable range—adjustable 2 
recorder for narrow ranges at high levels... and there’s a records 
for photomultiplier tubes. 



















































These instruments are standard production models, ruggedk; Be 
built . .. yet remarkably sensitive. Electronic amplification mal affect lia 


Speedomax fast; null-balance measurement insures accuracyge workers. 
High motor torque keeps response rapid even when auxiligqy 2 techn" 


° n¢ 
devices add to shaft load. Pens move across 97” scale in 1, 2, a 


3 seconds as desired. Thorough shielding and filtering keep off and imp 


normal stray fields. Nhe is s¢ 
man, apF 

Available extras include chart tear-off; sliding window fy eg 
ec A 


writing on chart with door locked; fluorescent light; variow The eng 


































































































signalling and shut-off devices, etc. possible 

keep in t 

is to gro’ 

DOUBLE-PEN RECORDER i to 
is used to compare two related functions when variables change too the ane 
fast for a two-point recorder. Saving valuable panel space, it plots lems of 
two continuous curves on the same chart—either ‘‘overlapping”’ or ayes 
“side-by-side.” Any standard range can apply to either pen. and engi 
Available chart speeds are from 1” to 1800” an hour. age 
’ X-Y RECORDER BV eition 
plots any two variables convertible to d-c signals. X corresponds THERMAL i : mes 
to pen travel; Y to up-and-down chart movement. Instrument can EXPANSION & & technical 
plot vacuum tube characteristics, stress-strain curves, temperature- one Porribe: place wi 
temperature difference curves, etc. Chart moves 10” in only four i a, gree 

seconds. eee eg ; Fa 

ET ear TS 4 er 

ADJUSTABLE RANGE and ADJUSTABLE ZERO : ADAIS TABLE RANGE | brought 
make this recorder applicable to a wide variety of test measurements. [ Ee ana __ AORECORDER- Ay emt inc 
It’s used with load cells in strain gage applications; it’s used in : Bea ek cate. cen 
expanding small changes at various temperature levels; it’s used in a, peewee Commiss 
studying speed changes over narrow bands, etc. Range is —2 to +20 I Counsel, 
mv maximum; —0.1 to +1 mv minimum. Zero suppression is —50 .. 
to +50 mv. sidiihvela Coa engine 
PHOTOMULTIPLIER TUBE RECORDER ee ee ee 
for recording light and other low-level radiation. With high-gain a ee OE te GNA e staff t 
amplifier built in, recorder connects directly to current leads from pe Ee anced: aoe ‘gn, 0 
photomultiplier tubes. Lowest range (0 to 0.02 microampere) is cf ee ee E CORDED. bie: st 
consistent with smallest currents. By flicking a switch, higher ranges bigs nt mel on : conser" 
can be selected. Thus varying intensity spectra are recorded in detail. “3 —. 
As will he 

If you have a specific problem, we'll be glad to recommend the = presen 
standard or special Recorder to handle the situation. Address our B ein 
nearest office, or 4955 Stenton Ave., Phila. 44, Pa. : gineer 
cent, ¢ 
| MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 7 P 
INTLEEDS & NORTHRUP CO. <a 
to proc 
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M. F. BEHAR, Editor 


N engineering publication has two 
main functions. The first is to 
affect liaison between various types of 
workers. When a man is working in 
a technical field, the activities, prob- 
lems, and developments of all the other 


rugged), 
mM maky 
ccuracy} 
wxilig 










11, 2,08 workers in that field are of interest 
<eep oul and importance to the man. Whether 
he is scientist, engineer, maintenance 
man, application man, salesman, manu- 
urer, or user, his existence is af- 

dow fo fact ’ ’ 


fected by the work of all the others. 
Variow The engineering publication makes it 
possible for each type of worker to 
keep in touch with the others. If a man 
is to grow in his field, it is his respons- 
ibility to use this important medium. 

The second main function is to teach 
the principles, applications, and prob- 
lems of the field. These problems are 
technical, political, social, and financial. 
The technical problems are physical 
and engineering. The political problems 
involve such matters as taxes and tar- 
ifs. The social problems include rec- 
ognition and recompense. The financial 
problems often have to do with high- 
level decisions by management. The 
technical publication is the market 
place where the problems are looked 
at, priced, and considered. 





A SERIOUS PROBLEM 


A serious problem that has _ been 
brought to the attention of the instru- 
ment industry is the development of 
a critical shortage of college-trained 
engineers. The Engineering Manpower 
Commission of the Engineers Joint 
Counsel, in a release dated April 18, 
1951, says: 

“Our country is in great need of 
engineers. More than 30,000 of 
them must be graduated from the 
engineering schools each year to 
staff the national effort to out-de- 
sign, out-develop, out-produce and 
out-perform a potential enemy who 
outnumbers us greatly. This is a 
conservative estimate. But in order 
to achieve it, engineering schools 
will have to more than double their 
present enrollment for years to 
come, 

“Since the ‘mortality’ rate in en- 
gineering schools is about 50 per- 
cent, an annual freshman enroll- 
ment of 60,000—double the num- 
ber that entered engineering 
schools this year, would be required 
to produce 30,000 engineering grad- 
uates a year. The question is: 














Instruments 





THE MAGAZINE OF 
Measurement 


and Control 


How can twice as many high school 
graduates be attracted to engi- 
neering schools? 

“The situation is further aggra- 
vated by the expectation that high 
school graduations will have de- 
clined 10 percent by 1958. 

“Since all engineering classes 
graduating up to 1954 are already 
enrolled, the number of graduates 
up to that year may be estimated. 
If no students are withdrawn from 
the schools by Selective Service, 
there will still be an accumulated 
shortage of 40,000 engineers by 
1954. This is the most optimistic 
estimate possible. 

“The number of engineering 
graduates in 1954 will be down to 
about 17,000. Unfounded rumors 
that the engineering field was over- 
supplied pushed the 1950 enroll- 
ment down to about 30,000, which 
is below that of 1940. The fact is 
that industry has already absorbed 
the last two record-breaking grad- 
uations of nearly 50,000 each, and 
is hotly contending for the 30,000 
that will be graduated in 1951. 

“The record classes of the last 
two years were brought about by 
the unprecedented number of vet- 
erans who enrolled under the G.I. 
Bill of Rights in 1945-46. Since 
then enrollment has fallen off rap- 
idly.” 


INSTRUMENTATION WILL HELP 


Henry F. Dever, president of Brown 
Instruments Division of Minneapolis- 
Honeywell Regulator Company, de- 
clared in an address before the Scien- 
tific Apparatus Makers Association: 

“Special emphasis must be placed 
on engineering manpower which is 
highly important to the scientific 
instruments field. I’m sure I need 
not belabor the point of the present 
scarcity of engineers, young or old, 
but the end is apparently not in 
sight. Some of the technical so- 
cieties, as well as the educators 
of the country, lay before us an ex- 
tremely grave picture. 

“The history of our past national 
emergencies has shown that the 
place of instruments in the produc- 
tion of all kinds of goods, both 
miltary and civilian, is one of high 
essentiality and that industry 
needs these products in many in- 
stances to supplement or increase 





The Function of the Engineering Publication 


efficiency of their own manpower, 
not only in production but in re- 
search and scientific areas. 

“The key to the progress of 
America’s engineering and manu- 
facturing organizations has long 
been their aggressive interest in 
adopting improved manufacturing 
methods, based upon exhaustive 
analysis of new machines and new 
techniques as they are developed.” 


A POSSIBLE SOLUTION? 


Another serious consequence of the 
decrease in college enrollment is a 
weakening of the already-shaky finan- 
cial structure of many privately en- 
dowed colleges. Unless something is 
done, the number of students will con- 
tinue to decrease, the number of col- 
leges will also decrease, and this vis- 
cious circle will end either in a weak- 
ening of the country or in government 
control of colleges. 

A partial solution might be found 
in granting more scholarships. As the 
colleges cannot afford many more, in- 
dustry and finance might supply many 
more scholarships to worthy students. 

A more fundamental solution might 
be to make it possible for college stu- 
dents to work their way through col- 
lege. The college might have student- 
run. factories. or. services .which» are 
adapted to the hours that students can 
work. These ventures might be pri- 
vately financed legitimate businesses— 
paying taxes and union wages, In this 
way neither business nor labor-union 
interests could object to their existence. 
Further, no young man then could feel 
he was deprived of a college education 
because of the expense of that edu- 
cation. —M. ARONSON 





As our many friends know, the 
serious illness of our Editor, Ma- 
jor M. F.. Behar, has delayed 
publication of the Handbook of 
Measurement and Control. We 
know you will be glad to hear 
that Major Behar is recovering, 
and that Chapters 1, 2, 3, 4, 5, 7, 
and 16 of the Handbook are at 
the printer. The other Chapters 
will go to the printer shortly. We 
want to thank all of you who are 
awaiting the Handbook for your 
patience. IT WON’T BE LONG 
NOW. Thanks again. 











May 1951—IJnstruments—Page 521 



















































POR SE LCE PRA OROSDRUREO CAE SAE SABIE IO 














of us have been entertained and 

intrigued by the stage magician 
who produced a given card from a 
folded pack by means of a mystical 
gesture, or divined the writing on a 
covered slate, or, with the touch of a 
magic wand, foretold the geneology of 
a spiritous liquid contained in an 
opaque vessel. Those of us who have 
worked with methods for sorting mixed 
metals envy ‘the magician his confi- 
dence and the certainty of his results 
but, even though we know his methods 
are devised by clever trickery we try 
to rival him in utter seriousness by 
methods which, to many, may appear 
to be no less magical than are his. 

Our mystic passes are made with 
coils and our magic wands are stand- 
ard samples or spectrographic elec- 
trodes. Our props and trappings are 
galvanometers, bridge circuits, oscil- 
lators and amplifiers. And our line 
of patter is oftentimes just as con- 
fusing as is the magician’s. To be 
quite frank, we inventors and devisors 
of instruments for sorting mixed metals 
will even agree that a bit of discreet 
legerdemain at exactly the right time 
has a remarkably diminishing effect 
on “borderline” results. 

Be that as it may, however, this 
article will try to outline the methods 
and instrumentations which have been 
applied to mixed-metals sorting prob- 
lems as well as a few methods which 
have been devised and tested experi- 
mentally but have not as yet found 
their way into commercially available 
embodiments. 

The class of testing methods which 
are of chief interest here are those 
which produce a definitive result by 
rapid, non-destructive or virtually non- 
destructive means. Such methods are 
achieved by the measurement of the 
physical properties of metals and are 
to be distinguished from the “wet” 
methods of the chemical analyst. Fur- 
thermore, we are mainly interested in 
those sorting methods and instruments 
which, because of their rapidity and 
simplicity of application, are useful in 
plant operations; even though they 
leave something to be desired academ- 
ically in the choice of the physical 
phenomena used to define a particular 
variable. 

Experimental proof almost always 
justifies academic sanction: though an 
obtained value is known to be in error, 
from an absolute point of view, it is 
a useful value if it can be reproduced 
under the same circumstances. More 
often than not, the usefullness of a 
packaged method lies in the rugged- 


| T ONE TIME or another, most 





Paper presented at the Conference ‘‘Instru- 
mentation for the Iron and Steel Industry,” 
sponsored by the Carnegie Institute of Tech- 
nology and the Pittsburgh Section, Instrument 
Society of America, March 28 and 29, 1951, 
Hotel Roosevelt, Pittsburgh, Penna. 
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Methods for Sorting Mixed Metals 


By ANTONY DOSCHEK, Pittsburgh, Pennsylvania 


ness of its construction and its in- 
herent reproducibility rather than in 
its sensitivity or absolute accuracy. 
Moreover, the methods and instru- 
ments which are discussed herewith 
are primarily sorting tools whose main 
applications are to problems that can 
be discriminated on a “go- no go” basis. 
When used as tools to expedite the sort- 
ing of the occasional—but eventual— 
mixup or as production control equip- 
ments, they can be relied upon to dis- 
criminate against unwanted conditions 
only after a somewhat thorough study 
of their behaviour has been made 
through measurements, not only of 
“acceptable” and “unacceptable” repre- 


‘ sentative standards, but also of stand- 


ards which lie between, and outside of, 
the extremes of the problem. 

The investigation of those borderline 
conditions, which R. R. Webster of the 
Jones & Laughlin Research Laboratory 
so aptly terms the “shades of gray,” 
is most important in ascertaining the 
instrumental meaning of “black and 
white.” It is only through the eval- 
uation of the shades of gray that the 
simple “go- no go” test can be raised 
to the status of an accurate and power- 
ful measuring method, regardless of 
the inventive ingenuity or the quality 
of engineering which is incorporated 
within the instrument itself. This, of 
course, places a goodly portion of the 
responsibility for the success and use- 
fulness of a sorting instrument directly 
upon the shoulders of the user. 

By far the largest group of pack- 
aged sorting instruments employ one 
or more phenomena of magnetics as a 
basic operating principle. Development 
and perfection of ideas and equipment 
in the field of magnetic sorting has 
been stimulated by the absolute non- 
destructiveness and the mechanical sim- 
plicity with which a magnetic test can 
be made, as well as advanced under- 
standing of magnetic phenomena 
gleaned from companion fields of tech- 
nology. 

Aside from magnetic flaw detection 
and inspection equipments, magnetic 
sorting devices divide themselves into 
two general and, to a certain extent, 
overlapping classes: the comparators 
and the magnetic analyzers. The terms 
“comparator” and “analyzer” are used 
herein to distinguish between two basic 
forms of magnetic sorting means and 
are not meant to relate to trade names, 
as such. 

Comparators are designed, in many 
cases, around the fundamental circuit 
of magnetic test equipment: the in- 
ductance bridge, a form of which is 
shown in Fig. 1. Its method of use 
involves placing a specimen represent- 
ing a standard or desired metallurgical] 
condition into one of two coils in the 
bridge circuit while the unknown speci- 
men is placed into the other of the 
two coils. Assuming that the bridge 






is balanced with no specimen in either 
coil, then a balance indication can exist 
only when the test piece is similar o 
identical to the standard specimen, 

The order of similarity which can } 
detected is, of course, determined by 
the intrinsic sensitivity of the bri 
circuit design, the shape factor anj 
ampere turns of each coil and the alter. 
nating frequency of the bridge exc. 
tation current. Since we can not be 
concerned with the theory and pring. 
ples of bridge circuits here, we refe 
to the voluminous literature in ele. 
trical engineering texts and mak 
special mention of the lucid treatment 
of many forms of bridge circuits, usefy| 
in magnetic gaging, in Howard (¢. 
Robert’s “Mechanical Measurements by 
Electrical Methods.” We are concerned, 
however, with what takes place when 
a magnetic sorting test is in progress 
and especially with the meaning of 
the meter indication as related to the 
nature of the similarity of the unknown 
and the standard specimens. 

All inductance bridge measurements 
are influenced by the basic magnetic 
properties of the material which is 
being tested. These properties, which 
consist of permeability, reluctance, re- 
tentivity, . hysteresis, coercivity and 
others, act in aggregate to compose the 
indication of the bridge circuit meter. 
Added to the magnetic variables are 
the complex electrical parameters of 
the bridge as well as those of the indi- 
cating circuit itself. 

All of these together compose a part 
of the magnetic measurement to show 
that a simple indication of a few di- 
visions on a meter scale is actually a 
most amazingly complex integration. 
And yet, certain properties of magnetic 
materials, mainly permeability, have 
such a strong individual influence that 
they can be relied upon to relate defi- 
nitely to a given metallurgical con- 
dition. Steels varying in carbon can 
be most readily sorted by magnetic 
methods, although other alloying ele- 
ments also influence the magnetic state 
when combined in steel. 

The applications of the inductance 
bridge are generally confined to the 
sorting of moderately small parts of 
very uniform shape and size, and of 
such form that they can be positioned 
accurately within the magnetic fields 
of the test coils. Certain other inherent 
characteristics of the inductance bridge, 
however, make its use for general sort- 
ing in the metals plant somewhat 
limited. 

The range and adaptability of the 
simple comparator is extended when the 
search coil is divorced electrically from 
the coil carrying the exciting current. 
This forms the essential difference be 
tween the comparator and the magnetic 
analyzer. Fig. 2 shows a diagram of 
a simplified circuit of the analyzer 
type. The particular and practical ad- 












vantage 
from th 
sensitivi 
ard volt 
very de 
meter 
netic P 
bility, ¢ 
case in 
can be | 
ance al 
off bala 
From 
analyze! 
enables 
relative 
similar 
ment c¢ 
are pro 
of mixe 
will be 


optimu’ 
having 
ing sta 
group. 
cuits 1 
the fre 
becaus¢ 
netic d 
able at 
the inl 
frequer 
is gree 
A th 
equipm 
quency 
the co 
produc 
dissimi 
particu 
by a 
metalli 
by vir 
and ph 
observ: 
are in 
variab 
Equi 
mentio 
fered | 
netic J 
ists in 
Electr 
rators 
to fur 











N either 
AN exist 
nilar oy 
simen, 

1 Can be 
ined by 


bridge § 


tor and 
1€ alter. 
ze eX¢j. 
not be 
princi. 
@ refer 
in ele. 
Make 
2atment 
7 usefy| 
ard (, 
ents by 
cerned, 
e when 
rogres: 
ing of 
to the 
iknown 


ements 
agnetic 
lich is 
which 
ce, re- 
y and 
ose the 
meter, 
es are 
ers of 
e indi- 


a part 
. show 
ow di- 
ally a 
ration. 
gnetic 
have 
e that 
2 defi- 
~ con- 
n can 
ynetic 
x ele- 
state 


tance 
> the 
ts of 
id of 
ioned 
fields 
erent 
‘idge, 
sort- 
what 


| the 
n the 
from 
rent. 
» be- 
netic 
n of 
yzer 
ad- 











vantages of this type of circuitry arise 
from the fact that an equal order of 
sensitivity at all settings of the stand- 
ard voltage can be achieved and that a 
very desirable degree of linearity of 
meter deflection with change of mag- 
netic properties, principally permea- 
bility, can be attained. This is not the 
case in the inductance bridge, which 
can be extremely sensitive at null bal- 
ance and relatively insensitive when 
off balance. 

From the practical standpoint, the 
analyzer form of sorting equipment 
enables the operator to visualize the 
relative groupings of test pieces having 
similar magnetic properties. Instru- 
ment controls for sensitivity selection 
are provided so that, for a given lot 
of mixed pieces, a number of groupings 
will be indicated on the meter at an 
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years of field application. The newest 
of these equipments is offered by the 
Fisher Scientific Company in cooper- 
ation with a Jones & Laughlin Research 
Laboratory development. The instru- 
ment, the Steelsorter, is to be com- 
mended because of its simplicity of 
operation and its particularly hardy 
design. The J. W. Dice Company and 
the Non-Destructive Testing Corpora- 
tion, Limited, offer high-frequency 
cathode-ray analyzers. 

Magnetic sorting methods are seem- 
ingly the most magical ones since noth- 
ing, apparently, touches the pieces 
under test and yet a subtle metallur- 
gical or physical variation can produce 
a startling effect on the instrument 
indication. At times, a variation of 
this type is of no practical interest 
to the user of the equipment and this 
leads to a feeling of uncertainty with 
the equipment in particular or even 
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optimum sensitivity setting without 
having to resort to a process of chang- 
ing standards in order to define each 
group. Several magnetic analyzer cir- 
cuits incorporate a means for varying 
the frequency of the excitation current 
because it has been found that all mag- 
netic differences are not easily defin- 
able at any one given frequency: thus 
the inherent latitude of the variable 
frequency magnetic sorting equipment 
is greatly enhanced. 

A third basic form of magnetic test 
equipment is found in the high-fre- 
quency sorting devices which employ 
the core loss properties of metals to 
produce indications of similarity and 
dissimilarity. These indications are 
particularly effective when projected 
by a cathode-ray tube since subtle 
metallurgical differences can be shown 
by virtue of their effect on wave form 
and phase angle. To the eye of a trained 
observer, these graphic picturizations 
are indicative of specific metallurgical 
variables. 

Equipments embodying the afore- 
mentioned magnetic principles are of- 
fered by several manufacturers. Mag- 
netic Analysis Corporation are special- 
ists in the field. They and the General 
Electric Company both make compa- 
rators and analyzers and are prepared 
to furnish test data representing many 


toward condemnation of the magnetic 
test as a whole. Nevertheless, it should 
be remembered that the magnetic test 
measures all of the magnetic properties 
of the test piece simultaneously and 
that these properties are directly re- 
lated to mass and contour as well as 
the magnetic characteristics of the alloy 
as imparted to it by its chemical compo- 
sition and its metallurgical constitu- 
tion. 

The fact that a measurement may 
be made at all by the simple expedient 
of inserting a test piece into a coil 
form, or holding a search coil against 
the test piece, should be sufficient in- 
centive to the user to seek advice and 
means to overcome certain anomolous 
readings which arise from the so called 
immaterial variables of the test piece. 
Ways and means to ignore the effects 
of “unwanted” variations are generally 
incorporated within the instrument de- 
sign and are part of the operating 
instructions (seldom studied by the 
actual operator of the equipment in the 
plant) and techniques can often be 
devised to accomodate the particular 
conditions of a difficult sorting prob- 
lem. 

Two examples of such techniques 
follow: magnetic sorting of tubing 
products will be affected unfavorably 
by eccentricity of the tubing bore even 





FIG.3 


though the amount of eccentricity is 
tolerable from the inspection or quality 
control viewpoint. Test comparison for 
this condition can be arranged by sup- 
porting the tubing on a longitudinal 
axis which is slightly out of coinci- 
dence with the longitudinal axis of the 
search coil. 

While supported in this manner with- 
in the search coil, rotation of a per- 
fectly concentric tube should produce 
no change in instrument indication 
whereas rotation of a tube having 
similar dimensions and metallurgical 
properties, but with a bore which is 
eccentric with respect to its outer pe- 
riphery, should produce an instrument 
indication which varies from a mini- 
mum to a maximum value: the mean 
value of this variation is most repre- 
sentative of the magnetic property of 
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FIG.4 


the tube as a whole and should agree 
with the value obtained on a concentric 
tube if the chemistry and the consti- 
tution of the two are identical: Fig. 3. 

Much can also be accomplished to 
enhance the versatility of standard 
magnetic sorting equipment by design- 
ing pole pieces or coil cores suitable 
for adapting to special problems. For 
example, the edge of a sheet or strip 
can be inserted into a protruding pole 
piece which has been slotted to allow 
strip insertion to a fixed depth (Fig. 
4). A change in the reluctance of the 
gap formed by the slot, due to a change 
in the magnetic properties of the in- 
serted edge, will be evidenced by the 
instrument indication. 

A new and unusual form of magnetic 
sorter has been developed and will be 
announced in the very near future 
(Fig. 5). This device, for which no 
trade name has as yet been selected, 
will be a low-cost pocket version sorter 
—smaller than the familiar optical 
pyrometer. A large number of turns 
are wound around a coil form surround- 
ing a high flux density permanent mag- 
net. The wound magnet is mechanically 
spring loaded and held by a trigger 
within a sliding arrangement so that 
its end may be held in restraint a fixed 
distance from the test piece. 

The test is made by releasing the 
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trigger, which causes the magnet to 
come into contact with the test piece 
at a fixed velocity during each test. 
This causes a unidirectional current 
surge or a voltage pulse to appear 
across the terminals of the coil. The 
voltage pulse is fed into a calibrated 
voltage divider and thénce to the grid 
circuit of a cold cathode gas tube which 
incorporates a small neon glow lamp 
in its plate circuit. The device is cali- 
brated previously to each sorting prob- 
lem by adjusting the voltage divider 
so that one of the two metallurgical 
conditions lights the glow lamp while 
the other fails to light it. 

This action comes about as the result 
of the differences of permeability, main- 


























resistance which is, to a greater or 
lesser degree, different from every other 
one and it is possible to identify the 
commonly used alloying elements in 
steel on this basis when they are in 
their pure state. In most engineering 
metals, however, the component ele- 
ments do not exist in the pure state 
alone. The high-temperature chemistry 
of the melt-down produces extra-ele- 
mental compounds and phases—solid 
solutions, carbides, oxides, metastable 
compounds, and so forth. 

All together contribute a qualitative 
as well as a quantitative individual 
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veloped cracks in railroad car axl 
and crank pins, its basic engineerin 
design and construction is so fine the 
mention of the equipment must be made 
here with the hope that it will be inves. 
tigated by those who are interesteq in 
applying electrical resistance methods 
to composition sorting problems, 
One further possibility for the mil! 
application of electrical resistang 
measurements suggests itself here, It 
has been observed in the laborato 
that mill scale on hot-rolled Products 
varies in its electrical resistance as the 
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ly, of the two conditions—the greater 
the permeability of the test piece, the 
larger will be the magnitude of the 


voltage induced in the coil. Prior to 
each test, the plate circuit of the cold 
cathode tube is opened automatically, 
thereby extinguishing the glow lamp 
in readiness for the following test. The 
equipment is completely powered by a 
hearing-aid type battery which is said 
to have a useful life of over 5,000 tests. 

It may be well to summarize the 
best applications of magnetic testing 
here before proceeding with a few 
methods which do not make use of 
magnetic measurements. 

First: Most metals or alloys, wheth- 
er or not ferromagnetic, lend them- 
selves to sorting by magnetic methods. 
Low excitation frequencies, from 15 
cps. to about 2,000 cps., being indicated 
for the ferromagnetic types while the 
non-ferromagnetic types can be sorted 
at higher excitation frequencies; up to 
about 200 kilocycles per second. 

Second: Magnetic methods adapt 
themselves best to sorting straight 
pieces of uniform cross-section al- 
though, by use of special techniques, 
irregular or asymmetrical shapes can 
be sorted successfully. 

Third: The magnetic test is abso- 
lutely non-destructive and is extremely 
well suited, by virtue of its rapidity 
and mechanical simplicity, for adapta- 
tion to continuous production control or 
inspection. 

The determination of the chemical 
compositions of metals and alloys by a 
measurement of their specific electrical 
resistance is an old art. Every known 
element has a value of specific electrical 
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effect on the electrical resistance of 
the mass. The great multitude of these 
additive effects of actually indetermi- 
nate values makes the identification 
of an alloy, as regards its specific chem- 
ical composition, virtually impossible 
by a single determination of its spe- 
cific electrical resistance. On the other 
hand, through the aid of some fore- 
knowledge relative to the possible grade 
of the alloy, a hardness test and one or 
two rapid spot tests, it is possible to 
apply resistance measurements effec- 
tively to sorting problems. 

Where it can be demonstrated that 
the electrical resistance of two test 
pieces is sufficiently different to allow 
positive discrimination between the 
two, the main difficulty is the achieve- 
ment of uniformly reproducible con- 
tacts of the micro-ohmmeter energizing 
current to the test pieces. This is 
especially difficult by reason of the 
fact that large currents must be used 
and passed through a reasonably short 
length of the test piece and the average 
useful length may have an electrical 
resistance of the order of, perhaps, 
a few millionths of an ohm: the resist- 
ance of one contact alone can be many 
times this value unless carefully engi- 
neered designs are used. A _ simpli- 
fied circuit for the measurement of low 
resistances is shown by Fig. 6. 

Nevertheless, G. R. Greenslade and 
his associates at the Flannery Bolt 
Company Laboratory, have developed 
a low-resistance measuring instrument 
which is called the Electell Fracture 
Detector. Although this instrument is 
intended primarily for the detection 
and measurement of incipient and de- 





composition of the alloy, to a limited 
extent. The observation has been made 
by means of the simple instrumenta- 
tion shown in Fig. 7. A small area of 
the test piece is cleaned free of scale 
and one terminal of Weston Model 1 
Direct Reading Ohmmeter (0.0 to 25 
ohms full scale) is attached to it. At 
a fixed distance from the clean surface 
contacting probe, the other ohmmeter 
terminal probe is held against a scaled 
portion under fixed load. Both probes 
are provided with spherical tips ap- 
proximately 3/16 inches in diameter; 
made of hard bronze. 

The orders of magnitude experienced 
during determinations of scale resist- 
ances range from several hundreths of 
one ohm to as high as two ohms—in 
one case it was possible to sort X4130 
from SAE 1645 by this method when, 
for some reason, all other methods 
which had been tried failed to do the 
job. Variations in mill scale compo- 
sition and thickness are related to the 
base material as well as to the partic- 
ular thermal history to which the ma- 
terial in question had been subjected 
at some time previous to the mixup 
and this fact alone may deserve investi- 
gation by those interested in quality 
control methods. 

During the early years of the last 
war, a sorting instrument, called the 
Identometer, was developed. This equip- 
ment employs the thermoelectric prop- 
erties of alloys to identify mixed 
metals. Thermoelectric phenomena have 
been employed for many years in Py- 
rometry and the theory is well known 
to members of the metals industry. 

To recapitulate, however, the theory 
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sineer poe in physical and electrical contact 
fine that with each other at a point which. is 
be made either heated or cooled to a temper- 
be inves, ature other than that of the remainder 
rested in f the metals will develop an electrical 
methods corrent flow. This current is dependent 
ms, in magnitude and polarity upon the 
the mil chemical nature of the dissimilarity 
Sistanee and the differences in temperature be- 
here, | tween the point of mutual contact and 
oratory the points of electrical contact to the 
Products §§ measuring circuit. 


si In practice, the Identometer instru- 
ment is provided with mechanical 
clamps and spring-clip connectors so 
that a standard sample of known com- 


position could be connected in the form 


and constitutional nature of the sam- 
ples as well as the temperature differ- 
ences between the hot junction and 
the cold junctions. If we were to plot 
a curve of the thermoelectric test as 
made by the Identometer instrument or, 
better still, replace the galvanometer 
with a high-speed recorder, we would 
see that the slope of the curve is de- 
termined by the cross-sectional mass of 
the samples mainly, by reason of the 
fact that the hot junction is highly 
localized and very small in size and 
the duration of the energizing temper- 
ature very brief. 

That is to say, the electromotive force 
producing temperature gradient per- 
sists longer in samples of light cross- 
section than it does in samples of heavy 
cross-section. This effect gives rise to 
an occasional thermoelectric anomaly— 
ordinarily, two alloys of identical com- 
position will produce no thermoelectric 
current but, if one of the alloys is in 
the form of a heavy rod while the other 
is a thin wire, a thermoelectric current 
will be noted due to the relatively rapid 
dissipation of the temperature gradient 
in the sample having the greater mass 
cooling effect. The phenomenon is not 
significant in a practical sense with 
samples of approximately equal mass 
or cross-section. 

However, a second effect not ordi- 
narily observed in thermoelectric py- 
rometry is found to be quite inform- 
ative. This effect relates to the reversal 
of the polarity of the thermoelectromo- 




















NSTANT of an “X” in contact about midway 
with a test piece (Fig. 8). Two of the 
four arms of the “X” arrangement were 
used to connect to the terminals of a 
high-current density transformer and 

> the other two are connected to a meas- 
uring circuit using a low-resistance 

galvanometer as its indicating instru- 
+ ment. 

In the latest form of the Identometer, 
switching and electronic controls are 
provided so that a current of 300 to 

'G.7 §& 1500 amperes flows through the junc- 
tio point for a period of 0.2 to 5.0 
seconds, dependent upon preselection. 
This causes a small spot weld to form 
between the standard and the test piece 
which becomes the hot junction of the 
thermocouple so formed. The emf. of 

limited § the thermocouple is indicated on a 

1 made 
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thods § the welding current is switched off. 

o the § The thermoelectric test was found 

ympo- § to be extremely sensitive to the chemical 

0 the composition of the alloys and less sensi- 

artic- § tive to their constitution; exactly the 

> mMa- § reverse of the magnetic test. A differ- 
ected § ence of two or three points of carbon, 
uxup § sulphur or columbium was easily de- 
vesti- § tected in fully annealed steels and the 
ality § presence of nickel, chromium, molybde- 
num or aluminum caused very pro- 
last } nounced differences in both the magni- 
| the § tude as well as the polarity of the 
quip- thermocouple electromotive force. By 
orop- § virtue of the gross presence of these 
nixed § elements, all grades of austenitic stain- 
have § less steels are sorted and identified very 
| Py- § readily. 

10wn As mentioned beforehand, the magni- 

ry. tude and polarity of the thermoelectric 

120 current is determined by the chemical 














used. This involves descaling and clean- 
ing the surfaces of the test pieces and 
providing adequate contact area at the 
power input ends of the “X” formation 
as well as at all other points of electri- 
cal contact. The intense localized heat 
generated at the hot junction generally 
produces a “hard spot” on the work as 
well as a possible source of fracture 
when the work is placed into service. 
Although the test is very well suited to 
detecting changes in composition, it, 
nevertheless, does react to effects of 
constitution and previous thermal and 
work history. These must be considered 
when the thermoelectric test is applied 
to sorting mill products. 

Various other forms of the thermo- 
electric test have been tried with 
moderate success, the simplest one being 
a version of an electric soldering cop- 
per connected in series with a galva- 
nometer and the work. When the heated 
soldering copper is held in contact with 
the test piece, a thermoelectric current 
will, of course, flow but the reproduc- 
ibility of the emf. will be found to 
be difficult to maintain. Holding the 
temperature of the soldering copper to 
a small variation around a given value 
is not difficult when heating is done 
in air but becomes another matter al- 
together when contact is made with 
the test piece. 

Not only is the area of the contact 
extremely critical but the pressure of 
the contact, the penetration effect, the 
surface condition of the test piece, the 
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tive force with increase in temperature. 
It can be demonstrated with many ther- 
mocouple alloys that emf. progresses 
increasingly as the temperature is 
raised up to a temperature at which it 
takes a maximum amplitude (Fig. 9). 
Beyond this temperature, the emf. de- 
creases rapidly, as a rule, and, if the 
thermocouple materials do not begin to 
volatalize beforehand, will even reach 
zero and begin to increase again—but 
toward the opposite polarity. This 
phenomenon has been noted particular- 
ly in work with the austenitic stainless 
steels, permitting separations of close 
analyses to be made with @ase. 

The effective application of the ther- 
moelectric test, nevertheless, has cer- 
tain drawbacks which should be 


considered here. In order to produce 


sufficient exciting temperature at the 
hot junction, heavy currents must be 


presence of uncompensated, stray ther- 
moelectric currents and the degree and 
type of oxidation of the soldering cop- 
per tip will be found to be major func- 
tions of the total current. On the other 
hand, this simple and convenient low 
cost embodiment of the thermoelectric 
test can be used with accuracy and 
assurance, but to a limited extent, if 
the soldering copper is provided with 
a standard sample such that the de- 
sirable analyses in the mixed lot pro- 
duce deflections of the galvanometer in- 
dicator toward one polarity while the 
unwanted analyses give deflections to- 
ward the opposite polarity. 

The same statements apply to a third 
form of thermoelectric tester which it 
is believed will be of interest here be- 
cause of its somewhat unacademic in- 
strumentation. Inspired by many gun- 
whipping sorties with imaginary In- 
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dians in the company of the author’s 
small son, this simple thermoelectric 
testing device was found to have cer- 
tain meritorious and interesting prop- 
erties. Its instrumentation consists of 
a center-zero, ballistic type galvanom- 
eter, a microvolt bias circuit, connect- 
ing leads, an automatic center-punch 
and a box of top pistol caps: Kilgore 
#108 Disk Caps preferably. One ter- 
minal of the galvanometer is connected 
through the microbias to the center- 
punch: the other to the test piece, Fig. 
10. 

A pinpoint perforation is made 
through the approximate center of the 
powder charge of the cap and the cap 
is placed into’ position on the work so 
the tip of the center-punch protrudes 
through the perforation and makes 
electrical contact with the test piece. 
The galvanometer will then indicate 
any stray thermoelectromotive cur- 
rents which may be present and these 
can be balanced out by adjustment of 
the microbias so that the galvanometer 
reads zero current flow. Now, if the 
center-punch is depressed, the toy pis- 
tol cap will explode and the intense, 
localized heat so produced, even though 
brief, will be found to be quite adequate 
for the sorting of a great many analy- 
ses of alloys. It is not difficult to pic- 
ture this method embodied in a small, 
pistol-like device equipped with an au- 
tomatic roll-cap feeder and electrically 
connected to a simple and rugged type 
of ballistic galvanometer. Such a de- 
vice could be made battery powered 
and easily portable. 

Before proceeding to other methods 
of sorting, it may be of interest to note 
here that thermoelectric effects of suf- 
ficient amplitude for sorting purposes, 
can be derived “on the spot,” so to 
speak, during several types of fabricat- 
ing and machining operations. Con- 
siderable work has been done with the 
thermoelectric measurements of cut- 
ting tool temperatures during lathe 
and milling machine operations but, 
for the accuracy wanted, it was nec- 
essary to devise rather massive dia- 
lectric tool posts and holders so as to 
obtain the required strength along with 
insulating properties. This is not al- 
ways necessary for sorting purposes 
because of the very high temperatures 
produced by the cutting tools while in 
operation. It can be shown that, in 
many instances, residual currents re- 
maining in spite of the shunting ef- 
fects of large machine components, 
are sufficient to define the possibility 
that the operator may have a piece of 
the wrong analysis in the machine. 
The same can be said for drill press 
work and even punching and cold draw- 
ing operations. 

It seems that industrial processing 
is replete with by-product phenomena 
which we usually ignore or fail to rec- 
ognize but which, with a bit of stand- 
ardization, a bit of instrumentation 
and a bit of calibration, can be made 
to serve some useful and beneficial 
purpose. 

About five years ago, a sorting in- 
strument was developed which indi- 
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cates chemical and constitutional dif- 
ferences in metals by measuring the 
electrical currents produced when dis- 
similar metals are rubbed against one 
another. The phenomenon is termed the 


triboelectric effect and its practical 
embodiment is the Metalsorter instru- 
ment. The device is a relatively small, 
portable tester composed of a control 
cabinet and difference indicating in- 
strument and a sorting head. The sort- 
ing head is provided with a mechanical 
arrangement to make contact with a 
test piece and a means for introducing 
standard specimens into a reciprocating 
chuck. When the “nose” of the head 
is held in contact with the test piece 
and the test-initiating button pressed, 
the standard specimen reciprocates in 
contact with the test piece through a 
fixed number of strokes. The indicating 
instrument shows the polarity and mag- 
nitude of the resultant triboelectric 
current if the standard and the test 
piece are chemically or constitutionally 
dissimilar (Fig. 11). 

The chief advantage of the tribo- 
electric test lies in its ability to sort 
material as to composition or constitu- 
tion regardless of the size or physical 
form of the material, within a very 
large range of limits. Given a six-inch 
billet, for example, of chemically and 
constitutionally identical alloy with that 
of a one-eighth inch rod, the two will 
produce equal triboelectric indications 
with a standard test rod. Other ad- 
vantages lie in its ability to sort any 
clean, scale free material that can be 
touched with the standard specimen— 
the magic wand idea—even though the 
material is in physical or electrical con- 
tact with entirely dissimilar metals. 

The triboelectric test is confined en- 
tirely to the surface of the test piece. 
Its reaction is to the surface chemistry 
and the surface constitution of the test 
piece and the standard specimen. From 
this viewpoint, therefore, it is a strange 
fact that the physical condition of the 
surface of the test piece, that is, wheth- 
er it is ground, sand-blasted or cold- 
rolled, has very little effect on the read- 
ing obtained between two given analy- 
ses. 

This curious non-conformity to ex- 
pectancy may be due to the specific 
conditions of the triboelectric test as 
made by the Metalsorter instrument 
in that a small diameter rod is caused 
to reciprocate longitudinally and rap- 
idly across a rounded portion of the 
test piece: the area of actual contact 
is about 0.0008 square inches and the 
loading of the reference specimen 
about 1.1 pounds; resulting in a con- 
tact pressure of about 1,250 pounds 
per square inch, which may act as a 
common denominator to burnish rough 
surfaces and scour smooth surfaces 
to a certain degree of uniformity. 

The exact nature or the fundamental 
mechanism*® of the triboelectric effect 
is not understood. A small portion of 
the effect is believed to be thermoelec- 
tric, in that some heat is generated 
during the process of rubbing—per- 
haps a very high instantaneous value 
as far as the very surface grains are 





concerned. But discreet exper; 
show that the thermoclectrie comm’ 
bution to the total triboelectric reading 
obtained with any two given analy. ; 
regardless of their intrinsic thermal 
conductivity, represents only about L 
percent. 

The Metalsorter instrument js capa. 
ble of sorting all types of metals and 
alloys—as well as some non-metals_ 
but its sensitivity to constituent dif. 
ferences in the series of austeniti 
stainless steels is far less than to any 
other series of alloys. This fact alone 
serves to divorce the triboelectrie of. 
fect from the commonly assumed first 
cousin status of the thermoelectric 
effect. 

The simple mechanics required 
produce a triboelectric effect woul 
indicate its suitability to the inspe. 
tion and control of continuous rolling 
processes (Fig. 12). A stationary cop 
tacting feeler of known analysis helj 
under spring pressure against a mov. 
ing section of wire stock during a coli 
drawing process, for example, couli 
be calibrated to indicate a change ir 
composition which may have resultej 
from butt-welding wire billets of dis 
similar composition to make up the 
required length of coil. 

Since the triboelectric effect reacts 
to change in work-hardness, also, the 
same scheme could be applied to meas. 
ure the degree of surface hardness or 
cold reduction imparted during a roll- 
ing pass by simply providing two con- 
tacting reference specimens of identical 
composition and electrically connected 
in series opposition; one at the feeding 
side of the roll and the other at the 
output side. A predetermined tribo- 
electric reading would represent the 
desired condition while any departure 
from the given reading would show 
that an undesirable change has taken 
place during the rolling pass. 

Thus far we have outlined several 
sorting methods which are being used 
in actual industrial practice. These 
have employed the measurements of 
the magnetic properties of permea- 
bility, hysteresis and core-loss; mainly: 
the measurement and indication of ther- 
moelectric effects, and the measurement 
of the triboelectric effect. The afore 
mentioned physical properties of metals 
have been chosen for early discussion 
because their embodiments in commer- 
cially available equipments are com- 
pletely instrumentalized. 

That is to say, aside from following 
the normal operating instructions sup- 
plied with the equipment, little is left 
to the judgement of the operator or to 
his visual acuity. The equipment, in 
all cases, has been designed with a 
great deal of engineering background 
of fundamentals and an honest effort 
to foresee the usefulness and limite 
tions of each type of test in its prac 
tical application, although there are 
those who lay claim to better results 
through the use of the dowser’s want. 

Nevertheless, there are several sort 
ing and identification methods in com 
mon use that should be mentioned her? 
as companion methods. Very ofter, 
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reply generally brings about an argu- 

















at least attributed to individual negli- 
gence and not to the technical know- 
how and attitude of the company as a 


All this has had to do with our so- 
called companion methods because it is 
only by additional application of these 
methods that the simple sorting instru- 
ment can be elevated to the status of 
an analyzer—fit to stand shoulder to 
shoulder, in its own place, with the 
chemical analyst. We have succeeded 
in providing some knowledge of the 
mechanism of magical gestures and 
even built a few magic wands; we have 
developed an entire vocabulary of in- 
cantations and embroiled ourselves in 
Maelstrom-like arguments which swirl 
around and around but finally disappear 





FIG. 13 



































down the sink hole; but our magicians 
are a disheartened lot, for the most 
part, who have few stages and but a 
small, highly skeptical audience only 
until they fail to accomplish magic, 
whereupon they quickly acquire a 
large skeptical audience. We know 
how to build magical props and can 
even supply a goodly number of clever 
and conscientious magicians, but in- 
dustry must provide the stages in the 
form of check-analysis departments 
with know-how, mobility and authority. 

A brief discussion of one further 
class of sorting and identification meth- 
ods seems to be in order here. These 
are the spectro-methods as exemplified 
by the spectroscope, the spectrometer 
and other forms of spectrum analysis 
equipment. Spectrum analysis equip- 
ment comes into being by reason of the 
behaviour of the atomic and molecular 
structures of metals and all other ele- 
ments when they are excited by either 
thermal or electrical activity. 

Briefly, all elements are character- 
ized by the number and arrangement 
of the electrons in their orbital struc- 
tures. When placed within the field of 
a strong thermal, electrical or radiant 
influence, these electrons tend to absorb 
some of the available free energy and 
migrate into orbits further removed 
from the central nucleus. Properly 
speaking, under excitation the drift is 
toward discreet states of higher energy 
In the excited state, however, 
atoms are unstable and their electrons 
seek equilibrium conditions by falling 
back to their original states. During 
this regression, some of the absorbed 
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Correction Factors for the Balancing Effect 
of a Gas in One Leg of a Manometer 


By HOWARD S. BEAN, Chief, and FRANCIS C. MOREY, Ass’t Chief 







Capacity, Density and Fluid Meters Section, National Bureau of Standards, Washington, D. C. 


HE increase in the distribution 
and value of natural fuel gas, 
together with the higher line 
pressures at which such gases are 
metered with orifice meters, has in- 
duced measurement engineers to ana- 
lyze carefully all factors affecting the 
accuracy of their gas measurements. 
One of these factors is the balancing 
effect of the column of gas in the high 
pressure side (or low liquid side) of a 
manometer. (This is sometimes incor- 
rectly referred to as “the unbalanced 
gas column.”) The following notes 
have been prepared to show how the 
effect of this gas column may be taken 
into account. A table of factors and 
examples are included to show the 
magnitude of the effect. 
Referring to Fig. 1, we will use the 
following notation: . 
h =the observed differential 


pressure, or “manometer 
reading” 

py, = density of the manometer 
liquid 


Pg = density of the gas at pres- 
sure p, in the high pres- 
sure leg 

P,,P. = absolute pressures on the 
high and low pressure 
legs, respectively 

We will assume that the tempera- 
tures of the pressure lines and manom- 
eter are equal, and that p,-p, is small 
compared with either p, or py, so that 
at the plane A-B the weights of the 
fluid (gas) in the pressure connections 
above that plane may be considered 


equal. 
Then at the plane C-D, we have 
P, +hpg = Po + hp, (1) 
or 


Py — Po = hoy — hpg 
=h py (1 — pg/ py) (2) 
Thus, we see that the term (1 — p,/p,;) 
is a correction factor to the manometer 
“reading” to give the true pressure dif- 
ference in terms of a column of the 
manometer liquid. 

This correction may be, and usually 
is, neglected in ordinary work, espe- 
cially at low pressures. However, when 
high precision is required or when the 
over-all pressure (i.e. both p, and p,) 
is sufficiently high it becomes signifi- 
cant and should be taken into account, 
as will be illustrated later. Also, the 
correction should be taken into account 
when a liquid flow (eg. water) is 
being metered and the differential pres- 
sure is measured with an inverted 
U-manometer to the top of which com- 
pressed air is admitted to bring the 
water surfaces in the manometer legs 
to a convenient reading position. 

The conditions stated above as a 
basis for equation (1) will be fulfilled 
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in most actual installations, especially 
if the difference in elevations of the 
differential pressure source and ma- 
nometer is small, and if the tempera- 
tures of the pressure connections are 
sensibly equal. However, there may be 
installations where there is not only a 
considerable difference in the eleva- 
tions, but also an appreciable differ- 
ence in the densities of the gas in the 
two pressure connections due to large 
differences in the pressures and tem- 
peratures. To extend equation (2) to 


P, P, 
| V 


A hae B 














Fig. 1. A conventional liquid manometer for 
measuring the difference between two pressures. 


include the effects of such a condition, 
let 

Z = difference in elevation between 
the differential pressure source 
and manometer. The sign of Z 
will be positive (+) when the 
differential source is higher than 
the manometer, and negative 
(—) when lower than the ma- 
nometer. 

p,, = density of gas in the high pres- 
sure connection, corresponding 
to its pressure p, and average 
temperature, T). 

p, = corresponding density in low 
pressure connection at po, T,. 

Then at section C-D, Fig. 1 

P; +he,+Zpg = Pothp,+Zp, (3) 

and 

P)—P2 = h(e,—pg) —Z (pg—pg) 
=hp; (1—pg/py,) —Zpg(1—p,/pg) (A) 
In equation (4), the factor (1—p,/pg) 
measures the effect of any difference in 
the densities of the gas in the pressure 
connections, and. as Z increases the 
magnitude of the full correction term 
increases. 

In developing the above equations, 

nothing has been said about the units 
in which the various quantities are 


expressed. Of course, in the factors 
(1—pg/py) and (1—p,/pg) it is suf. 
cient if the densities be expressed in 
the same units. However, in the use of 
equations (2) and (4), in which these 
appear, it will be necessary to take ac. 
count of the units in which the several 
quantities are expressed. In engineer. 
ing work, it is customary to measure 
pressures p,; and p, in pounds per 
square inch, h in inches, Z in feet, and 
densities (or specific weights) are ex. 
pressed in pounds per cubic foot. Ap- 
plying these units to equations (2) 
and (4) gives: 
hpy, 
Py—P2 = ——(1-pg/py) (5) 
1728 


and 
hpy, Zpq 
P;—P2 = —(1~p¢/p,,) —-—(1—p,/pg) 
144 


F (6) 
Table I has been prepared to show, 
for several conditions, the magnitude 
of the correction term as given by 
equation (5). In preparing this table, 
the following values were used: 


density of water at 60 F. 
62.367 Ib. per cu. ft. 

density of mercury at 60 F. 
846.322 ” ” ” ” 

density of air at 60 and 1 atm. 
DRGOt es Veet en 

specific gravity of methane 
0.5549 air=1 

specific gravity of carbon dioxide 
1.529 = a 


As indicated by the definitions above, 
Pq and p, are the actual densities of 
the gas at the plane A-B, Fig. 1, in 
the high and low pressure connections 
to the manometer. Hence, in comput- 
ing their values the effects of “super- 
compressibility” (i.e. departures from 
Boyle’s law) are to be taken into 
account. The supercompressibility fac- 
tor for the gas in question should pref- 
erably be obtained from an actual 
determination, but may be obtained 
from such tables as are given in Bul- 
letin TS 461 of the California Natural 
Gasoline Association. In this connec- 
tion, it may be noted that at 60 F. 
the vapor pressure of carbon dioxide 
is 747.5 psia.,1 and the value of the 
supercompressibility factor at 60 F. 
and 50 atm. was obtained by extrapo- 
lation from data given in Table I of 
Communications of the van der Waal’s 
—Fund, No. 93. On the other hand, 
it was assumed that the density of 
the manometer liquid is unaffected by 
pressure over the pressure ranges here 
considered. 


(1) Table 8 of The Vapor Pressure of Liquid 


and Solid Carbon Dioxide, R.P. 538, NBS J of 
Research, Vol. 10, No. 3, Mar. 1933. 

























































The ra 
gases en 
and carb 
gases of 
dustry, i 
may be u 

While 
system 2! 
the vapo! 
tem woul 
the solubi 
rapidly g 
The rea 
water fac 
tude of t 
having @ 
of CO». 

It was 
quantities 
tions, to ! 
tional de: 
the two | 


ao 


_ geen 
pi atmosph 
pi psia. 
air-water 
air-mercury 
methane-ws 
methane-me 
carbon dio 
carbon dio: 
areas. H 
tions ap] 
eter em 
measure 
pressure: 
In the 
gas mete 
measure! 
some for 
Most of 
pressure 
eter of w 
leg; or 
through 
a recordi 
in inches 
arises a 
should b 
such a § 
First, 
element 
falls in 
correctio 
about 0. 
are appl 
column 1 
of the « 
rected” i 
Next, 
age syst 
magnifie: 
mercury 
that the 
the diffe 
water. FE 
the diffe: 
inches 
value by 
value in 
Now, th 
plying a 
is indep 
the fact 
same res 
correctec 


















e of specific gravities of 

= Eaapassed between methane 
and carbon dioxide includes most all 
ses of interest in the fuel gas in- 
pn and with which manometers 
may be used under elevated pressures. 
While the factors for a CO,-water 
are given for pressures up to 


tem 
P= vapor pressure of CO,, such a sys- 
tem would be of limited use because 


the solubility of CO, in water increases 
rapidly as the pressure 1s increased. 
The reason for including the CO,- 
water factors is to illustrate the magni- 
tude of the correction factor for gases 
having a specific gravity in the range 
of CO. ; 

It was convenient, for showing the 
quantities used in developing the equa- 
tions, to illustrate in Fig. 1 the conven- 


plied first (mechanically) by the magni- 
fication factor M, to give “uncorrected” 
inches of water, and then this quantity 
is multiplied (manually) by the appro- 
priate gas-mercury manometer factor 
to give “corrected” inches of water. 
Hence, with a mercury and float type 
of recording differential pressure gage, 
we will use the gas-mercury manom- 
eter factors regardless of the units em- 
ployed for the indicating element of 
the gage. 

As an (extreme) illustration of the 
possible effects of difference in eleva- 
tion of pipe line and recorder, and the 
temperatures of the pressure connec- 
tions assume that a gas having a 
specific gravity G, referred to air, of 
1.46 is being metered with an orifice 
meter under the following conditions: 
p, = 125 psia. 

h = 90 in. water at 60 F. 





TABLE [ 


VALUES OF THE MANOMETER Factor (1-G/PL) 








p: atmospheres 1 10 25 50 100 
pi psia. 14.70 147.0 367.5 735 1470 
air-water 0.999 0.988 0.969 0.938 0.876 
air-mercury 1.0 0.999 0.998 0.995 0.991 
methane-wa‘er 0.999 0.993 0.982 0.962 0.918 
methane-mercury 1.0 0.9995 0.999 0.997 0.994 
carbon dioxide-water 0.998 0.980 0.945 0.84 

0.9985 0.996 0.99 


carbon dioxide-mercury 1.0 


areas. However, the analysis and equa- 


tions apply to any design of manom- 
eter employing a liquid column to 
measure the difference between two 
pressures. 

In the great majority of commercial 
gas metering installations involving the 
measurement of a differential pressure, 
some form of recording gage is used. 
Most of these recording differential- 
pressure gages have a mercury manom- 
eter of unequal leg areas. In the larger 
leg, or pot, there is a float, which, 
through a system of linkages, operates 
a recording pen over a chart graduated 
in inches of water. Now the question 
arises as to what correction factor 
should be applied to the readings of 
such a gage? 

First, consider only the manometer 
element of this gage. Obviously, this 
falls in the gas-mercury group, with 
correction factors ranging down to 
about 0.99. If these correction factors 
are applied to the “observed” mercury 
column readings, we obtain the value 
of the differential pressure in “cor- 
rected” inches of mercury. 


Next, it is to be noted that the link- 
age system between the float and pen 
magnifies the differential in inches of 
mercury by a factor M ( = 13.57) so 
that the pen indicates the value of 
the differential pressure in inches of 
water. Hence, if we have first obtained 
the differential pressure in “corrected” 
inches of mercury, multiplying this 
value by M will give the corresponding 
value in “corrected” inches of water. 
Now, the product obtained by multi- 
plying a given quantity by two factors 
is independent of the order in which 
the factors are used. Therefore, the 
same result will be obtained if the “un- 
corrected” inches of mercury are multi- 


connection 

T, =90 F. avg. temp. of low press. 
connection 

Z = 650 ft. 


First, let it be assumed that h is the 
observed reading of a simple U-type 
water manometer so that 

py, = 62.367 lb/ft. 
For the conditions given above? 


125 
Pg = (2.7025 x ——) X 1.46 


530 
= 0.9306 lb/ft 


This value may be used in equation 
(5) to give the manometer correction 
factor only; thus 





90 X 62.367 0.9306 
Py ke Ci ) 
1728 62.367 
= 3.248 x 0.985 = 3.200 psi. 
(7) 


Before we can proceed with the compu- 
tation of the effect of the 50 ft. differ- 
ence in elevation combined with the 
difference in the gas densities within the 
connection lines, as given by the right- 
hand term of equation (6), it will be 
necessary to compute p,. In order to do 
this, the value of p, is required, and 
we have the choice of two procedures. 
The first is to use the result obtained 
above by the use of equation (5) to 
give a first approximate value of po. 
With this value of p., values of p, 
and the elevation density term are 
computed, and a second and closer 
approximate value of p,. is obtained. 
Then, if it seems worthwhile, the proc- 





(2) For an equation by which to compute the 
density of a gas, see ASME Fluid Meters Re- 
port, 4th Ed., par. 84, and equation [}00(b)]. 





ess may be repeated to obtain more 
exact values of the correction term. 
The second, which is the mathemati- 
cally proper procedure, is to use the 
relation 
2.7025 p, G 


460 + T, (8) 
in equation (6) to give the following 
expression for the value of p. 
hpy, Zpg 
| aera 7 (1 — p,/py,) +— 
1728 144 


Po = 


144 (460 + T.) 
x RN —————EEEEEEEEEE—EEEE 
144(460 + T.,) + a | 

In using equations (8) and (9), it is 
still necessary to compute the elevation- 
density correction term if this is of 
interest. For the sake of illustration, 
the results by both procedures are 
given. 

By the first procedure, the approxi- 
mate value of p, is 121.80 psia. and 
that of p, is 0.8738 lb/ft. 

The elevation-density term of equation 
(6) is 
50 x 0.9306 


144 0.9306 
= 0.0197 (or 0.02 very nearly) 


0.8738 





and thus the second (approximate) 
value of p, is 121.82 psia. Obviously, 
the effect of the small change in the 
value of p, will have no appreciable 
effect upon the elevation-density cor- 
rection term. 

By the second procedure, we have 
by equation (9) 

Pp. = [125.00 — 3.200 + .3823] x 


72200 
79200 + 197.3 


= 121.82 psia. 


Since, by the use of equation (5) alone 
the approximate value of p, was 121.80, 
it is evident that the elevation-density 
correction term amounts to 0.02 psi. 
as found by the first procedure. 

Now let us suppose that in the above 
example the differential pressure had 
been measured with a mercury record- 
ing gage “geared” to indicate inches of 
water. The actual mercury column 
providing the balancing pressure be- 
tween p, and p, is, approximately 


62.367 
90 x ———— = 6.682 in. 
846.322 


by equation (5) 


6.632 x 846.322 
Py —~Po= (1 ee 


1728 846.3 
== 3.248 x 0.9989 = 3.245 psi. 


0.9306 





Following the first procedure discussed 
above, the value of the elevation-density 
correction term is 0.0199 (i.e. 0.02 as 
before). Thus, the adjusted differential 
pressure is 3.225 psi., as compared with 
3.18 psi. when an ordinary water ma- 
nometer was used. 
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Standards of Mass 


By LLOYD B. MACURDY, Chief, Mass Section, National Bureau of Standards, Washington, D. Cc. 


merce and industry make uni- 

formity in standards of mass 
throughout the Nation no less impor- 
tant than uniformity of currency. Ob- 
viously, an even higher degree of 
uniformity is necessary among refer- 
ence standards of mass kept by research 
Jaboratories to maintain high accuracy 
in scientific weighing. 


Ri meres ne in of modern com- 


standards include other platinum-irid- 
ium standards from 1 kilogram to 0.05 
mg. and two 1-kilogram standards of 
nickel-chromium alloy. From_ these 


standards, values are derived for the 
working standards in the various cus- 
tomary and metric units in everyday 
testing in the Bureau’s laboratories. 
Weights submitted to the Bureau for 
calibration include the commercial clas- 
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Fig. 1. The national prototype kilogram, maintained by the NBS as the national standard of 
mass, provides a basis for uniform weight in science, commerce, and industry. 


HIGH-PRECISION MEASUREMENTS 


The national standard of mass—a 
platinum-iridium cylinder about 1.5 
inches high, 1.5 inches in diameter, 
and having a mass of almost exactly 
one kilogram—is maintained in a spe- 
cial vault of the National Bureau of 
Standards. The United States standard 
kilogram (Fig. 2), like the standard 
meter bar, is a copy of an international 
standard kept at the International Bu- 
reau of Weights and Measures at 
Sevres, near Paris. It is known as 
Prototype Kilogram No. 20. This proto- 
type was established as the national 
standard by executive order in 1893. 
Since that time, the pound and other 
everyday units of mass have been de- 
fined by the ratio of their mass to the 
mass of this kilogram. Occasionally 
the national standard kilogram is re- 
moved from the vault to check the best 
secondary standards. These secondary 





*Technical Report 1506, National Bureau of 
Standards. 
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ses of standards primarily used as the 
basis of State regulation of weights and 
measures, the laboratory classes of 
standards used in scientific research 
and development, and weights of spe- 
cial design required for industrial or 
technical work. In some classes of 
weights, such as those for precise 
balances, actual values are determined 
to the required precision; in others, 
such as weights for testing master 
track scales, it is only necessary to 
verify accuracy within specific toler- 
ances. The Bureau’s mass laboratory 
also investigates the degree of constan- 
cy and sources of variability in weights 
and makes studies to designate mate- 
rials having good corrosion resistance, 
nonmagnetic properties, suitable dens- 
ity, and other desirable properties for 
weights. It is thus able to specify types 
of construction and tolerances for the 
different classes of weights. 

The most accurate of the precision 
balances used by the Bureau in its 
calibration work can compare two plat- 


inum or platinum-iridium kilogram 
weights with an error of less than one 
part in 100,000,000 (Fig. 3). To make 
possible this high precision, the balance 
is kept in an air-conditioned room be. 
neath the surface of the ground, and 
errors due to the heat of the human 
body are prevented by operating the 
balance entirely by remote control, Not 
only is the balance beam arrested and 
released in this way, but the interchang. 










Fig 2. Prototype Kilogram No. 20, is a plati- 
num-iridium cylinder 39 mm. in diameter and 39 
mm. high. It was furnished the United States by 
the International Bureau in accordance with 
metric treaty of 1875. Recomparison with the in- 
ternational standard in 1937 showed that the U, 
S. standard has remained constant within one 
part in 50 million during approximately 50 years, 


ing of the loads on the pans and the 
addition of sensitivity weights are also 
accomplished without human interven- 
tion. 

In determining the exact values of 
the best secondary standards of mass, 
the Bureau has found necessary many 
procedures not ordinarily employed in 
weighing. Thus, elaborate care is re- 
quired in the determination of air 
buoyancy effects when the best second- 
ary kilogram standards are compared 
with the standard platinum-iridium 
kilogram. The air buoyancy effects are 
important because of the difference in 
material of the weights being compared. 
Most of the standard weights in use in 
scientific research as well as in com- 
mercial regulatory work are of brass or 
some alloy of similar density, and the 
difference in air buoyancy for brass 
and platinum or platinum-iridium kilo- 
gram standards amounts to about 7 
mg. Two finely finished nickel-chrom- 
ium kilogram standards, calibrated by 
comparison with the prototype kilo- 
gram in such a way as to include the 
necessary correction for air buoyancy 
in their apparent mass, are used in 
calibrating brass weights. In the cal- 
ibration of these nickel-chromium stand- 
ards the density of air is determined 
with great care. Barometric pressure 
is accurately measured by means of a 
sensitive and highly reliable aneroid 
barometer especially designed for this 
work. Readings of the barometer be 
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tween turning points of the balance 
are used to evaluate momentary fluctu- 
ations in air pressure which may have 
appreciable effects on the turning 
points. The air temperature in the bal- 
ance can be accurately measured since 
lag in thermometers is minimized by 
the extremely uniform temperatures. 
Relative humidity inside the balance 
case is indicated by an electric hygrom- 
eter. Once the values of these 1-kg. 
standards are determined, other stand- 
ards of similar density can be com- 
pared with them, without extensive 
measurements of their density. 

In the high-precision calibration of 
sets of weights, the Bureau follows the 


lie. Z 


Fig. 3. The most accurate of the precision bal- 
ances at the NBS is used to compare national 
standard kilogram with other secondary stand- 
ards of mass. By means of rods (above and 
lower right), the balance beam is arrested and 
released, the loads on the pans are interchanged, 
and sensitivity weights are added. 


general plan established by the Inter- 
national Bureau of Weights and Meas- 
ures at Sevres, France. In this method, 
a summation of the weights from a 
set is determined by comparison with 

a known standard, after which the 
weights are intercompared by a series 
of weighings consisting of all possible 
combinations of various loads. These 
weighings are adjusted by the method 
of least squares to give values for 
the larger weights of the set and for 
a summation of the smaller weights. 
This latter summation is then inter- 
compared in similar fashion to obtain 
values for each of a group of smaller 
weights and for a smaller summation. 
In this way, values are eventually ob- 
tained for all the weights in the set, 
the last series of observations giving 
values for the smallest weights, which 
are used in determining the sensitivity 
of the balance. 

In general, the values obtained for 
the smaller weights will be slightly 
different from their preliminary values 
which were used in sensitivity deter- 
Minations for the various weighings. 
The new values for the sensitivity 
weights must therefore be substituted 
in the computations and the entire com- 





Fig. 4. 


Secondary standards maintained at 
NBS for the kilogram (left row), avoirdupois 
pound (center row), and troy ounce (right row). 


putations repeated. Usually, after one 
recomputation, the values obtained for 
the sensitivity weights are identical 
with those substituted for the sensitiv- 
ity weights. Because this method ac- 
curately subdivides the value of the 
prototype kilogram to giv: the values 
of the sensitivity weights, he results 
are based entirely on the va.ue of the 
national standard. This procedure is 
used in the calibration of the Bureau’s 
best set of platinum-iridium standards 
from 500 g. to 1 mg. and for smaller 
aluminum weights down to 0.05 mg. 
As standard weights certified by the 
Bureau are available in various de- 
nominations, it is not ordinarily nec- 
essary for other laboratories in this 
country to make these rather tedious 
computations. 

The Bureau maintains accurate sec- 
ondary standards (Fig. 4) for the avoir- 
dupois pound, troy pound, and troy 
ounce, defined by their fixed ratios to 
the prototype kilogram. Groups of two 
1-lb. avoirdupois standards, or three 
1-lb. troy standards, or three 10-oz. 
troy standards are compared with the 
best secondary 1 kg. standards, the 
differences in each case being made up 
with small standard weights from the 
best platinum-iridium metric set. From 
these standards of customary units, 
values are derived for standards used 
by the States in regulation of com- 
merce and industry. 

To provide standards for modern 
microbalances, the Bureau has recently 
developed methods for calibrating small 
standard weights below 100 mg. with 
a precision of one or two ten-millionths 
of a gram. This precision—10 or 15 
times as great as that now obtained 
by indirect methods of calibration—will 
permit the weighing of samples about 





Standard weights for calibration of 
standards for modern microbalances. 


Fig. 5. 





one-tenth as large as formerly. The 
resultant increase in the field of useful- 
ness of microbalances should mean 
great savings to workers in such fields 
as atomic energy, where minute sam- 
ples must be weighed with high ac- 
curacy. 

Calibration of these small weights 
(Fig. 5) is carried out on high-grade 
assay balances (Fig. 6) using the meth- 
od of double transposition in which loads 
are interchanged twice and a small 
sensitivity weight, usually 0.1 mg. or 
0.05 mg., is added to obtain a sensitiv- 
ity deflection. Equilibrium points are 
computed from a series of five or more 
turning points observed through a read- 





Fig. 6. Small high-precision balance in which 
is compared standard weights for microbalances 
with standards of mass maintained at NBS. 


ing telescope on a finely divided index 
scale. The sensitivity is such that 0.1 
scale division is equal to about 0.2 mi- 
crogram. Thus, a reading accuracy of 
about one-twentieth of a scale division 
or slightly better is readily obtained 
by experienced observers. 


In order to certify values below 100 
mg. to an accuracy of 0.1 microgram, 
it is necessary to work down from 1-g. 
standards, intercomparing the weights 
to be calibrated in all possible com- 
binations, and to repeat the entire com- 
putation to obtain values for the sen- 
sitivity weights which are accurate sub- 
divisions of the 1-g. standards. The re- 
liability of the balances used is such 
that for weighings expertly carried 
out under optimum conditions the val- 
ues obtained by least square adjust- 
ment of the weighings are reproducible 
to 0.1 microgram. Moreover, discrep- 
ancies between observed and computed 
or adjusted values are usually not 
greater than 0.1 microgram. This ac- 
curacy, perhaps the highest ever ob- 
tained with the knife-edge type of bal- 
ance is of special value in the weighing 
of radioactive material, making it pos- 
sible to handle smaller samples with 
greater safety and to obtain small sam- 
ples at less cost of time and labor. 


Development of methods for calibra- 
tion of extremely small weights has 
greatly simplified the problem of cal- 
ibrating quartz microbalances directly 
in terms of known standard weights. 
This, in turn, makes possible the sav- 
ing of much time, equipment, and labor 
formerly spent in direct methods of cal- 
ibration. The quartz microbalance it- 
self is now being intensively studied 
as part of a broad program now being 
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undertaken by the Bureau for the im- 
provement of precision balances. Ef- 
forts are being made to improve the 
uniformity of its fabrication and to 
increase its capacity. The construction 
of the equal-arm knife-edge type of 
balance is also under study, with the 
object of attaining greater accuracy 
through improved design, use of new 
materials, and avoidance of trouble- 
some temperature effects. 

In recent years, the increasing in- 
terest in scientific research in this 
country has brought about a corres- 
ponding increase in the number of 
standard weights submitted to the Bu- 
reau for calibration. The largest part 
of this work involves sets of weights 
in the following combinations of units: 
6, 32. 1, 1°.6,2, 2, 1,1: end 5, 2,:1,.1,1. 
At present all computations involved 
in the separate calibration schemes 
used for each of these combinations 
are performed with a slide rule or a 
desk calculator and are then checked 
in detail and reviewed. Plans are un- 
der. way to do a large part of this work 
by means of a computing machine de- 
signed to give a simultaneous solution 
for the values of the weights from a 
series of equilibrium points as observed 
on a balance. For this purpose, a single 
series of observations has been devised 
by means of which weights in all three 
of the above combinations may be cal- 
ibrated. Such a scheme makes possible 
the construction of a machine designed 
for the simultaneous solution of the 
one series of observations and its use 
to compute values for sets of weights 
in all three combinations of units. This 
should largely eliminate errors of com- 
putations and result in great savings 
of time and effort in the Bureau’s 
weight calibration program. 


COMMERCE AND INDUSTRY 


As the custodian of the national 
standards of physical measurement, the 
NBS not only sets up and maintains 
the basic standards of length, mass, 
time, and other physical quantities, but 
also undertakes the necessary research 
leading to improvements and refine- 
ments in such standards and measure- 
ment methods. At the same time, the 
Bureau constructs, maintains, and in- 
tercompares reference and working 
standards which are calibrated in terms 
of the national standards and used in 
science, engineering, industry, and com- 
merce. These services are performed 
for agencies of the Federal and State 
governments, scientific societies, edu- 
cational institutions, and firms or in- 
dividuals within the United States en- 
gaged in manufacturing or other pur- 
suits requiring the use of standards 
or standard measuring instruments. 

While the Constitution gave Congress 
the power “to fix the standard of 
weights and measures,” weights used 
during the early days of the Republic 
were far from uniform. Not only was 
there much uncertainty as to the value 
of the pound, troy ounce, and other 
units, but the fineness of United States 
coinage had been questioned. To rem- 
edy the situation, a small Office of 
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Fig. 7. Two standard test weight cars, owned and operated by the NBS, are used 
ing and adjusting master railway track scales of the Nation’s railroads. A total 
80,000 ibs. is carried by each car; consists of seven 10,000-lb. weights, three of which an 
mounted on the small truck (right), and the truck itself, which is adjusted to weigh 10,000 Th, 
Auxiliary equipment is carried on the car for proper handling of test weights. 


Standard Weights and Measures was 
set up in 1830 in the Treasury De- 
partment as part of the Coast Survey. 
Through this Office definite values were 
established for the pound and other 
common units. Standard weights and 
balances and standards of length and 
capacity were constructed, and accurate 
copies were distributed to the various 
States and customs houses. In this 
way a high degree of uniformity in 
standards was established and main- 
tained. Finally, in 1901, in response to 
the growing need for a national sci- 
entific laboratory similar to those of 
Germany and Great Britain and in 
recognition of the high standards that 
had been established in weights and 
measures, the Congress enacted a law 
establishing the National Bureau of 
Standards. 

The uniformity which the bureau 
has been able to achieve in weights of 
all types and denominations—from 
0.05-mg. weights for microbalances to 
10,000-lb. test weights for cargo scales— 
has been of great economic importance 
to the producing, manufacturing, proc- 
essing, and distributing agencies of 
this country and to all purchasers of 
commodities. Essentially, the Congress 
has left to the individual States the 
regulation of commercial weighing de- 
vices and operations. In this work the 

_NBS serves principally in an advisory 
capacity. However, uniformity between 
the States is maintained by the peri- 
odie comparison of State standards with 
the primary standards kept at the 
Bureau. 

Weighing devices and weights em- 
ployed by other Federal agencies, such 
as the weights used by the Bureau of 
Internal Revenue to weigh the prod- 
ucts of distilleries or those used by the 
Customs Bureau to weigh cargoes, are 
tested and calibrated directly by the 
NBS. Thus, through the introduction 
of the metric carat, based on the stand- 
ard kilogram, uniformity in the meas- 

urement of the weight of gems has 

been achieved. Previously the many 










for calibry. 
test load 4 


different values of the carat in use haj 
caused much difficulty in customs work 
Likewise, uniformity in the manufag. 
ture of drugs is now possible through 
the use of certified weights. Weights 
and balances tested by the National Bu. 
reau of Standards are used by the 
Food and Drug Administration in its 
regulatory work. In accordance with an 
Act of Congress dated March 4, 1911, 
the weight and fineness of coinage is 
verified each year through comparison 
with standard weights of the National 
Bureau of Standards. 

Over 30 years ago the Bureau began 
the testing of railway track scales in 
order to provide a uniform basis for 
the weighing of carload shipments (Fig, 
7). At the same time errors in track 
scales ranged from 30 to 21,600 lb 
per 100,000, and it was not unusual for 
a load which was weighed at 100,000 
lb. in one locality to be “weighed in” 
at its destination as 80,000 lb. Dis. 
crepancies of this magnitude required 
check-weighing all along the route and, 
as the results of check-weighing were 
















often not in agreement, caused much 
confusion. In the 34 years from 1914 
to 1948, truck scales meeting tolerance 
requirements increased from 33 to % 
percent of the total, and a reduction 
in mean errors of the scales from 
0.57 percent to 0.15 percent was ée- 
fected. 

Tests weights certified by the Bureau 
for values of 500 lb., 1000 lb., or more 
are used to determine the accuracy of 
large-capacity vehicle scales used in 
industry and commerce. With the 
rapidly expanding use of the highways 
and the increasing size of truck loads, 
scales of this kind have become increas- 
ingly important. As the result of a sur 
vey conducted by the Bureau in 1936, 
which showed that the vehicle scales 
of this country were not sufficiently at 
curate, the regulatory agencies through- 
out the United States have greatly im 
proved the accuracy of their vehicle 
scale testing methods. Large errors 1 
transportation charges and much & 
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pensive litigation have thus been 


avoided. 
OFFICE OF WEIGHTS AND MEASURES 


‘d in the translation of the basic 
airs to the channels of industry 
and commerce, the Bureau established 
in 1947 an Office of Weights and Meas- 
ures whose over-all function is to pro- 
mote the extension, raise the standard 
of efficiency and coverage, and increase 
the degree of uniformity of State 
weights and measures supervision 
throughout the United States. A def- 


inite program of assistance to State 
and local departments of weights and 
measures as well as to business and in- 
dustry has been set up and success- 
fully pursued. 

A large part of the activity of the 
Office of Weights and Measures con- 
sists of consultative services rendered 
through correspondence; through vis- 
its to the Office by representatives of 
Federal agencies, business and manu- 
facturing concerns, and weights and 
measures officials; and through visits 
of members of the Office to weights and 


measures officials in their own juris- 
diction. The field of inquiries is broad, 
embracing the drafting of new legisla- 
tion; the interpretation of laws, spec- 
ifications, tolerances, and regulations; 
the design of testing equipment; meth- 
ods of test of commercial equipment; 
the reporting of activities in different 
weights and measures jurisdictions; 
problems of and plans for weights and 
measures administration; planning and 
conducting weights and measures con- 
ferences; and training schools for 
State departments. 


Modification of Portable Strain Indicator for Use 
with a Closed External Bridge Circuit 


C. E. BOWMAN, Assistant Professor and W. J. CRAIG, Research Associate 


HERE are many strain gage appli- 
cations such as torsional weighing 
bars and elastic proving rings where it 
is desirable to use a closed external 
bridge circuit. A closed circuit consist- 
ing of four active gages is-used to 
obtain increased sensitivity, to obtain 
better temperature compensation, and 
to average out unwanted strain com- 
ponents. The Baldwin “Type K” port- 
able strain indicator may be readily 
modified so that it can be used with an 
external bridge circuit following the 
same operating procedure as with the 
new Baldwin “Type L” indicator which 
is designed for use with such an ex- 
ternal bridge circuit. 

The following procedure is used in 
making the modification. Two binding 
posts, X and Y, are mounted on the 
front panel (Fig. 1) and are insulated 
from it by means of fiber washers and 
sleeves. An X-Y jumper is mounted 
between the two binding posts. Next 
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locate the solder lug on the underside 
of the sub panel to which are connected 
one lead from each of the 120-ohm re- 
sistors R, and R,, the orange wire from 
the transformer, and the lead from the 
16500-ohm resistor R-13 (Fig. 2).1 The 
orange wire from the transformer and 
the lead from the 16500-ohm resistor 
R-13 are removed from the lug and 
connected to binding post X. The lug, 
to which one lead from each of the 
two resistors R, and R, is still attached, 
is then connected to binding post Y. 
With this modification, the operating 
instructions using four active gages in 
an external bridge circuit are the same 
as the instructions for thé “Type L” 
strain indicator,? and are given below. 
1. Open the jumper connection be- 
tween binding post X and terminal Y. 
2. Connect the power input terminals 
of the external bridge to the top and 
bottom binding posts at left of panel. 
38. Connect one bridge output ter- 





minal to either of the inner pair of 
binding posts at left of panel. 

4. Connect the other output terminal 
to binding post X. 

The instrument has an accuracy of 
99 percent or better for gages whose 
resistance is in the range from 80 to 
500 ohms. 

When using two external gages, re- 
place the X-Y jumper and operate the 
instrument in the usual manner. 

The scope jack shown on Fig. 1 may 
also be added to the “Type K” instru- 
ment for use in making dynamic strain 
measurements as suggested by Worley. 
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(1) Instruction Book, Portable Strain In- 
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(3) W. J. Worley, ‘Simplified Dynamic 
Strain Equipment,” Instruments, Vol. 21, April 
1948, pages 330-332. 
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ABSTRACT.—Available methods for measuring smoke 
density are described. The photoelectric absorption meter 
used at Pennsylvania State College is discussed in detail. 
The original one-phototube model is described. The more- 
sensitive two-phototube model, together with its bridge cir- 
cuit, is described in detail. The factors associated with 
sampling are discussed. A brief theory of light absorption 
; by dust loading is presented. 


2 ARSE eT 


INTRODUCTION 
LEAN-UP campaigns of industrial cities such as 
( Pittsburgh have required the development of instru- 
ments to measure smoke density, or dust loading. 
Instruments are needed also to determine the efficiency of 
apparatus designed to clear the air of its undesirable con- 
tamination. The following methods are available for meas- 
urement of smoke density: 
1. Filter-paper “blackness test”’;! 
2. Volume sampling ;? 


INPUT SMOKEMETER 



































LIGHT MODEL PRECIPITATOR 12" MAIN DUCT 
Ng] [ “a 
DUST LADEN — ——» TO MAIN FAN 
AIR a“ 
PHOTOTUBE 2" SAMPLING PIPE 





— OUTPUT SMOKEMETER 
(BRIDGE - TYPE ) 











TO SAMPLING FAN 
Fig. 1. Equipment for calibration. 


3. Application of small electrostatic, cyclone, and thermal 
air cleaners; 

4. Photoelectric or bolometer*® devices. 

In the filter-paper blackness test, the smoke is drawn 
through a filter paper for a specified length of time and 
the resulting blackness of the filter paper is compared to a 
standard color chart. In volume sampling, the same pro- 
cedure is followed but the sample is weighed and, from the 
known weight and volume of air passed through the device, 
the dust loading can be calculated. 

When small air cleaners are used to measure smoke den- 
sities, the smoke is passed through the air cleaner, which 
operates near 100 percent efficiency, and the dust collected 
in the air cleaner is weighed. The loading then is calculated 
as in the volume-sampling method. 

All the methods described above have the disadvantage 
of not permitting continuous readings. In order to over- 
come this difficulty, photoelectric'methods have received at- 
tention because these devices make continuous readings of 
dust loadings possible. However, it is extremely difficult to 
obtain quantitative information with photoelectric devices, 
although qualitative information is acquired easily. 

This article describes a laboratory installation used at 
The Pennsylvania State College for measurement of the 
efficiency of an experimental electrostatic precipitator. A 
short discussion of the theory of the instrument is included. 

As shown in Fig. 1, a two-inch sampling pipe was used 
to measure the loading coming from the precipitator..A 
sampling pipe is often used in practice because the main 
pipes are often not accessible and sampling permits a 
better location of the smokemeter. In order to obtain a 


*Now a Graduate Assistant at MIT. 
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Photoelectric Measurement of Dust 
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representative reading in the sampling pipe, it is necesg, 

to know how velocity in the sampling pipe affects the tnd 
cation of the smokemeter, and whether the loading in the 
sampling pipe is representative of the loading in the main 
duct. 


PHOTOELECTRIC ABSORPTION METER 


A schematic diagram of the first absorption. meter con- 
structed is shown in Fig. 2. It consists simply of a light 
source and a single phototube, which is connected to a 
cathode follower, or current amplifier. The current through 
the phototube depends on the intensity of the light falling 
on the tube, which in turn depends on the density of the 
dust in the duct. The current develops a signal across th 
1-megohm resistor in the grid circuit of the cathode fo). 
lower, which drives an Esterline-Angus recorder. Thus the 
signal recorded depends on the dust density. 

This absorption meter, or smokemeter, has very gooj 
stability but low sensitivity. However, the instrument js 
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IM 300 oHNS 
ImA RECORDER 
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Fig. 2. Schematic of input smokemeter. 


very suitable for the heavy dust loadings which are usually 
present at the input of precipitators, especially when a long 
absorption path is possible. However, when small pipes are 
used for sampling, or when relatively clean air coming from 
precipitators is measured, greater sensitivity is needed, 
Higher sensitivity can be achieved by using two photocells 
in a bridge-type circuit. The two photocells are shown in 
Fig. 3. Light from the single-light source shines on the two 
phototubes. The dust-laden air is in the absorption path of 
one tube. Clean air is in the path of the other. The output 
of the phototubes is matched in a bridge circuit, as shown 
in Fig. 4. The unbalance of the bridge is a measure of the 
dust content in the sampling pipe. The high sensitivity 
required is thus obtained by measuring the difference rather 
than the absolute magnitude of the light impinging on the 
phototubes. It might be mentioned that initially two light 
sources supplied by a single regulated transformer were 
tried,’ but the erratic light fluctuations and the difference in 
phototube characteristics made the operation unstable. 


CONSTRUCTION DETAILS 


The RCA type-930 phototubes are mounted on opposite 
sides of a 6-8 volt light source #2330. Spectacle-type lenses 
on each side of the sampling pipe protect the optical system 
from the dust and facilitate lens cleaning. A Kodak shutter 
between the light source and the second phototube adjusts 
the light impinging on the tube, and thus provides means 
for balancing the output of the two tubes. The output of the 
bridge circuit is fed to a General Radio #715-A d-c. ampli- 
fier, connected to an Esterline-Angus 1-ma. recorder. 

Continued on page 54 
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Editor’s Note: This is the second of two installments. 
The first installment, covering “Types of Bridges” and 
“Calibration of Bridges,” appears in our April 1951 issue. 


PRACTICAL CONSIDERATIONS 
This discussion will include equations and information 
most useful to the engineer using strain-gage equipment 
or designing and using force instrumentation. This dis- 
cussion will begin with a brief analysis of the basic Wheat- 
stone bridge used for the direct-reading d-c. strain-gage 


bridge. 
THE STRAIN-GAGE BRIDGE CIRCUIT 


Fig. 1 shows a basic Wheatstone bridge circuit. No cur- 
rent will flow in the output circuit of the bridge as long as 
the resistance ratio R,/R,, is equal to the resistance ratio 
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R,./R,. The symbol R designates the resistance of a bridge 
arm and the subscripts ,, ,, ;, and ,, indicate the particular 
bridge arm. When this ratio is upset by a change of re- 
sistance of one or more arms, current will flow through the 
instrument. The magnitude of the output current is pro- 
portional to the bridge voltage V. Assuming a Wheatstone 
bridge with all four arms of equal resistance, the output 
voltage produced by a change in resistance of one arm may 
be written as: 
V (AR/R) 
v= = 
4 4R 

This output voltage v must be measured with an infinite- 
or high-impedance voltmeter. Only bridges with arms of 
equal resistance are considered in discussing the direct- 
reading d-c. strain-gage bridge. 

The voltage output produced by a resistance change in 
any number of bridge arms may be written as: 
V[(AR/R) ,+ (AR/R) y— (AR/R) ,,— (AR/R) &] 


V (AR) 
, (5) 





: fe (6) 





4 

The current output may be calculated by applying Ohm’s 
law to either equations (5) or (6). The resistance of the 
entire instrument circuit may be regarded as the sum of 
the resistance of the bridge at its output terminals and 
the resistance of the indicating instrument. For practical 
purposes the resistance of the bridge at its output terminals 
may be regarded as equal to the resistance of one arm. 
In the same way, the resistance of the instrument circuit 
may be regarded as equal to the instrument resistance R,,, 
neglecting the comparatively small resistance of the meter 





The Direct-reading D-c. Strain-gage Bridge 


By ROBERT W. TROKE, Flight Test Engineer, North American Aviation, Los Angeles, Calif. 


leads. The resistance of the instrument circuit is then 
(R+R,,). The output current i produced by the change in 
resistance of one arm of the bridge may be written as: 


V(AR/R) 





(7) 


ee ; 
4(R-+R,,) 


An equation for the output current produced by the change 
in resistance of any number of arms may be written by 
replacing the numerator of this equation with the numer- 
ator of equation (6). 

A complete schematic diagram of a strain-gage channel 
is shown in Fig. 7. To the simple strain-gage bridge circuit 
of Fig. 1 has been added a balance circuit, an attenuation 
circuit, and a calibration circuit. The balance circuit is 
shown just to the right of the strain-gage bridge and con- 
sists of the fixed resistor R, and the variable center-tapped 
resistor R.. The attenuation circuit is to the r'ght of the 
strain-gage bridge in Fig. 7 and consists of a three-position 
switch and two fixed resistors. The calibration circuit is 
shown to the left of the bridge in Fig. 7 and consists of a 
calibration switch and a calibration resistor R.,. 

The balance circuit makes it possible to balance the bridge 
so that no current flows through the instrument when no 
load is applied. The resistance R, and R., of Fig. 7 should 
be kept as high as is practical for balancing the strain- 
gage bridges used. If R, is 3,500 ohms and R,, is 10,000 
ohms, a maximum gage resistance difference of about 2 per- 
cent can be accommodated. The resistance of 120-chm SR-4 
gages is held to a closer tolerance than 1 percent, but may be 
further changed by installation. This may unbalance the 
bridge additionally. 

The attenuation circuit is so arranged that the bridge volt- 
age may be set at either 12 volts, 6 volts, or 4 volts. When 
a bridge voltage of 12 volts is selected, the circuit is not at- 
tenuated, when 6 volts is selected the circuit is attenuated 
%, and at 4 volts, %. When many different channels are 
being recorded on a multi-channel oscillograph, individual 
control of sensitivity of each channel is often found desir- 
able in order to keep galvanometer deflections within de- 
sired limits. 

Many changes could be made in the circuit of Fig. 7 
without impairing its effectiveness. However, the attenua- 
tion circuit was put in the battery circuit rather than the 
instrument circuit for two main reasons: 

(1) It is desirable to keep the bridge voltage low and 
run the strain gages as “cool” as possible for better tem- 
perature compensation and more reliable results. 

(2) The drain on the battery is reduced and its life and 
stability is increased. 

The use of the attenuation circuit is discussed further 
under a later subheading, “Bridge Sensitivity and Relia- 
bility of Data.” 

The calibration circuit makes it possible to determine the 
sensitivity of the system by observing the instrument de- 
flection for a known bridge unbalance or AR. Since the ratio 
AR/R is equal to R/(R+R,,,) for an unbalance caused by a 
given calibration resistance, the voltage output of a bridge 
produced by a given calibration resistance may be written 
as: 

VR. 

v=-———— e 

4(R+R,,) 

R,, is always much greater than R. For a given bridge 
with a fixed bridge voltage, the value of the calibration re- 
sistance R,, is related to the bridge output voltage by an 
inverse logarithmic relationship. This relationship is plotted 
on logarithmic paper by the straight line designated as 
MV in Fig. 10. This plot is for a standard bridge using 
120-ohm legs and 12 volts on the strain-gage bridge. The 
millivolts output may be changed to milliamperes output 
by simply applying Ohm’s law. The current flowing through 
a galvanometer, for example, is obtained by dividing the 


(8) 
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millivolts output by the resistance of the instrument ci 
cuit, milliamperes = MV/(R+R,,). 

The current output produced by a given calibration re. 
sistance may be written as: 

VR 
| = (9) 
4(R+R,,) (R+R,,) 

From equation (2), we may write AR/R =C e., Fron 
this and equations (6) and (7), we may write equations fon 
the strain-produced output of a strain-gage bridge ag fol. 
lows: 





VC (ey +ep—eg—ey) 





7 = 
4 

. VC (e,+e)—eg—e,.) 

| lee —3 





4(R+R,,) 
Inspection of these equations shows why strains of lik 
sign must be applied to opposite arms of the bridge anj 
strains of opposite sign to adjacent arms of the bridge, 
The output of the bridge would not be affected by equi 
strains of like sign on gages A and B, for example, Th 
bridge arms must be employed in such a way that the un. 
balance of the arms produced by strain do not cancel eac} 
other. 

Equations (10) and (11) 
veniently for use in design as: 

VCe, VCe,Ny, 

,=--7-——_— = — 
4 4 

VCe, VCe,Ny 


may be written more cop. 


(12) 





i —s 


4(R+R,,) 4(R+R,,) 


(13) 


Equations (12) and (13) may be rewritten in convenient § 
form for determining total indicated strain e, or the actual | 


strain e, when the bridge output is known. 


Av 4v 
eae =— (or) e, = (14) 
VC VCN,, 
4i(R+R,,) 4i(R+R,,) 
e, = —————_- (or) e, = —————— ) 


vc VCN, 


As previously explained, equations (10) and (11) must 
be qualified by saying that the value of e in each equation 
is the indicated strain. The indicated strain is equal to 
the actual strain when N, = N. Equations (12) through 
(15) are convenient to use for the design of force instrv- 
mentation. We know that the total strain indicated e¢, is 
increased as we increase the number of active arms N. 
The value of e, may conveniently be regarded as equal to 
the actual strain e, multiplied by the effective value of Ny, 
e, =e,N,. The effective value of N, Ny, for bridge type 
Al is 2; A2, about 2.6; A3, about 1.4; B1, 4; and S1, about 
3.9. The exact values of N,, were tabulated in the discus 
sion of resistance calibration. 

In Fig. 8 e, is plotted against e, for each bridge. Th 
slope of the line for each bridge is equal to the value of 
N, for that bridge type. We see that when the actual 
strain equals the indicated strain, the effective value of N 
is equal to the actual value of N or the number of active 
gages. N,, is never greater than N; its value is always 
either equal to or less than the value of N. 


The deflection of a galvanometer trace for any bridge 


output current may be determined from the sensitivity of & 


the galvanometer. This information is supplied by the 
manufacturer. One galvanometer on the market has 4 
sensitivity of approximately 30 inches per milliampere 
Should the value of the output current be found to hk 
100 microamperes, for example, a deflection of about 3 
inches could be expected. The deflection of an_ oscillo 
graph trace may generally be read to 0.01 inch. Ree 
sonable reading accuracy may generally be obtained from 
a maximum deflection of 1 to 2 inches. When the mete 
deflection is known for a value of R,, used in a table like 
that shown in Fig. 9, the strain required to produce this 
deflection for any of the bridges listed can be quickly d& 
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1, TRANSAIRE force-balance temperature or pressure transmitter with SPEED- 
ACT gives rate action in the measuring circuit. 2. TRI-ACT Controller. Has 
high capacity relay air valve for faster response to new control circuit. Wider 
response adjustments. 3. TRANSET Recorder. Fits 3%" x 442" opening ... 2 
“natural” for graphic panels; a great space saver for conventional panels. 
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to relax in the sure knowledge that his Stacon 
temperatures are constant. Temperature 
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field. It has no packing glands to leak or 
bind . . . the stem moves freely. The 
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| the method is often (incorrectly) called “resistance” damp- 


| bridge alone. Damping resistance may be increased by using 
| a fixed resistance in series with the galvanometer leads. 
| Galvanometer damping may often be set up so that strain- 


| gage bridges with a considerable range of resistance may 


| mined when the equivalent stress for a given R,, is alread 


| 





, force-measuring device using a strain-gage bridge with 120- 


| the design and use of force instrumentation. 


| Values of R,, are plotted against millivolts output in Fig, 1) 


termined. Such a table may serve as a useful reference fy 





Equations (8) and (9) may be rewritten to show the rela. 
tionship of the value of calibration resistance to bridg, 
output and equivalent strain. They become 


RV 










R,, =— —R +e 8&4 = 
4v 4i(R+R,) 





~R (1g 







The value of calibration resistance equivalent to 
total indicated strain (and vice versa) may be determing 
from the following equations: 

R R 
-R (or) e 














R,, = 


sh 





t= 





C e, C(R+R,,) (a 

It should be noted that this relationship is independent g 

bridge voltage. In Fig. 10, values of calibration resistang 

are plotted against the indicated total strain; the regu} 
is the straight line designated by e,. 

The value of R,,, for any equivalent stress may be dete. 



















known. This statement is also true for an equivalent strajy 
or force. For convenience, the term force will be used tj 
designate any of these quantities. Using the subscript , 
designate the known relationship and the subscript , 4 
designate the unknown relationship, we may write: 


(equiv. force), (R + R,,) 


















R — 





sh2 






(equiv. force)., 





This equation may be rewritten to obtain the equivalent 
force for any value of calibration resistance as: 


(equiv. force), (R + R,;) 










(equiv. force). = (19) 





R+R 


Suppose, for example, that a 30,000-ohm calibration is 
known to be equivalent to a 5,550-pound load for a certain 


sh2 

































ohm arms, and it is desired to know what load will be equiv. 
alent to a calibration resistance of 100,000 ohms. Substitut- 
ing in equation (19) we find the load to be 1,670 pounds, 
Oscillograph galvanometers are probably the most com 
mon instruments used with the direct-reading d-c. strain 
gage bridge. These galvanometers are rated in terms of 
sensitivity and natural frequency. Galvanometers should 
be used considerably below their natural frequency. Some 
mention of galvanometer damping seems in order. Galva- 
nometer damping is necessary for a flat response and the 
prevention of “overswing” of the galvanometer. “Critical 
damping,” or 100 percent damping, is generally defined as 
the amount necessary to just prevent overswing when 4 
square wave of current is applied. Galvanometers used with 
strain gages for low frequency measurements, as in most 
flight testing, are normally operated at about 64 percent 
damping with satisfactory results. Information and dire 
tions concerning damping are supplied by the manufacturer 
of the galvanometers used. Low-frequency oscillograph 
galvanometers are often damped by the electromagnetic it- 
duction of circulating currents within the galvanometer 
circuit. These currents are often controlled by controlling the 
shunt and series resistances in the galvanometer circuit, and 


ing. The “damping resistance” includes the resistance of the 
bridge circuit as seen at its output terminals plus the re 
sistance of the leads to the galvanometer. A fixed resistance 
may be shunted across the galvanometer to obtain a lower 
damping resistance than that obtained from the strain-gage 


be used without frequent changes of damping resistance. 
Strain gages of 120 ohms are considered in most of the 
examples given in this discussion because 120-ohm gag@ 
are made in the greatest variety of configurations by the 
manufacturer and because of their comparatively low 
sistance. It is important that the bridge resistance be low 
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ized G-E distributor soon. For free bulletin 
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Dept., General Electric Co., Schenectady, N.Y. 
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per refill. Body is fabricated 
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booklet SC 13 


“Standard of accuracy 
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when current-sensitive 


instruments such as oscillograph 
galvanometers are used. 


MEASUREMENT OF FORCES 


The possibilities of using strain gages for the measuring 
of force and motion seem almost unlimited. J¢ is altogether 
reasonable that there is a strain-gage setup that will meas. 
ure any force or motion that causes—or can be made to 
cause—a related strain on any surface suitable for mount. 
ing a strain gage. Many strain-gage force-measuring 
devices are in popular usage and are commonly known a; 
transducers or pick-ups; they are used to measure pressure 
load, or deflection. ; 





Fig. 12. Strain-gaged cantilever beam. 


Figs. 11 and 12 show two strain-gage applications for 
measuring either load or deflection. Strain-gage rings are 
probably most used to measure loads while bending beams 
are commonly used to measure both loads and deflections. 

In designing force-measuring instruments it is desirable 
to obtain maximum output without overloading either the 
device or the indicating instrument. Equations (14) and 
(15) are convenient for determining the necessary strain. 
The required dimensions of the pick-up device may be de- 
termined from handbook formulas for stress and strain. 

Often a force may be measured without a special device 
by bonding strain gages direetly to a structural or a con- 
trol member such as a torque tube or link. This can often 
be done in measuring control forces in flight testing. Sup- 
pose, for example, that it is desired to measure a moment by 
placing “X” type shear gages on a torque tube. The shear 
stress of the tube may be calculated using handbook for- 
mulas from either the maximum angle of twist expected or 
the maximum torque moment expected. The bridge output 
that can be expected for maximum load can be calculated 
from equation (12) or (13). The value of e, is obtained by 
dividing the shear stress by 2 G. For the low-impedance 
oscillograph, equation (13) is used. Fig. 13 shows an in- 
stallation of a shear bridge on a torque tube to measure 
either hinge moment, angular deflection, or shearing strain. 
One installation could, of course, be used to measure all of 
these quantities. 

Probably the simplest method of load measurement is to 
place an A2 axial bridge on a specially designed link like 
that shown in Fig. 14. Links like this can be installed in 
prototype models in order to make important load measure 
ments. Many design engineers are today designing proto- 
type models with uniform areas free of stress concentra- 
tions at various locations to facilitate making strain and 
load measurements. This has been found advantageous and 
the future trend will likely be toward more of such design. 
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same pressure and permit the operator to read 
the manometer tube at the most convenient 
eye level. 


For many years at Sohio, as well as at other oil, 
chemical, and processing companies, Meriam 
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Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 
ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 

900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 









GAS 
ANALYZER CELL 


Sealed in Glass For: 

@ CONSTANT ACCURACY 
@ LONGER LIFE 
@ TROUBLE-FREE SERVICE 


In, a VECO cell all sensitive elements are sealed in 
glass— protected from clogging residues—safe with 
explosive gases, unaffected by corrosive gases. 
VECO gives researchers a higher efficiency with 
its dependable trouble-free service and constant 
ym, calibration. Write for details. 





@ END THIS! 


This enlarged photo shows carbon and 
oil impurities clogged in old-style un- 
protected filament after chemical or 
exhaust gas analysis. Result is changed 
resistance, inaccurate readings, after 
4 short use. 

*‘Manufacturers of Thermally Sensitive Resistors’ 


& 
Victory “me, 


744 Brood St. Newark, New Jersey VECO CELLS ? 


ELECTRONIC AND THERMAL CONTROL INSTRUMENTS © ACTUATORS © GAS CELLS 
COMBUSTION TYPE STARTERS © FINE WIRE PLATING © PURIFIED ZIRCONIUM 
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BRIDGE SENSITIVITY AND RELIABILITY oF Dara 


It is usually desirable to operate a strain-gage bridg 
at as high sensitivity as possible without overloading the 
indicating instrument. Larger deflections mean smaller peony 
ing errors, and more useful and accurate test data, The 
sensitivity of a strain-gage bridge is directly Proportional to 
the bridge output and inversely proportional to the: value 
of the equivalent force for a given calibration resistance 
Hence, the sensitivity of a strain-gage bridge is directly pro. 
portional to the bridge voltage V, the gage factor ¢C and 
the effective value of N (N,,). If the instrument ig 4 
current-sensitive device (usually the case in dynamic test. 
ing) the sensitivity is inversely proportional to the quantity 
of (R+R,). 








Fig. 14. Strain-gaged link. 


Because of the desirability of high sensitivity, the max- 
imum number of active gages were used in the bridge types 
described. It would not have been necessary to use more 
than two active gages to measure bending and shear. How- 
ever, the reliability of an instrument indication for determin- 
ing a stress or force is mainly dependent upon the output 
of the strain-gage bridge. In using the direct-reading d-c. 
strain-gage bridge, the instrumentation is often attenuated 
as much as one-third to prevent overloading the instrument. 
When amplifiers are used in conjunction with strain gages, 
a lower bridge output can be used but the magnitude and 
number of possible errors are multiplied. Given the desired 
range of instrument deflection, it is important that as much 
as possible of the deflection is due to the strain sensitivity 
of the bridge itself. This is comparable to what is known 
to the electronics engineer as “signal-to-noise ratio.” We 
see that the basic requirement of the direct-reading d-¢. 
strain-gage bridge—that it have sufficient strain-sensitivity 
to operate an indicating instrument without amplification of 
its output—is fundamental to the basic requirement of re- 
liable strain-gage data. 

Another inherent advantage of the direct-reading d-c. 
strain-gage bridge is the fact that lead wires and accom- 
panying plugs and connectors are external to the bridge cir- 
cuit. Systems using amplifiers may not have all four arms of 
the bridge in close proximity, necessitating lead wires and 
connectors within the wiring of the bridge. Temperature 
changes, lead-wire resistances, and changes in lead-wire re- 
sistance have much less effect upon the instrument indication 
when the leads are external to the bridge than when they are 
within it. The reliability and accuracy of a resistance cali- 
bration is much greater when made on a bridge without in- 
ternal long leads. The reason for this is that a small lead 
resistance in series with a high calibration resistance has 
less effect than the same lead resistance in series with & 
strain gage of comparatively low resistance. Calibration et 
rors as well as spurious strain readings are often caused by 





































































Acids 
Asbeste 
Brines 
Chips 
Paper | 
Slurries 
Wood | 
Non-M 
Mine 


mat 
tem) 


clog 
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Clos 
mat 


size! 
Keugex, 
‘valve. 











FOR CONSTANT DEPENDABILITY 


Vustall 


MUELLER 








Acids 
Asbestos 
Brines 
Chips 
Paper Stock Type 7300— 
Slurries Type 7200—Flanged Motor operated 


Wood Stock «Valve it ‘ 


Non-Metallic — 
Minerals 

FLex-VALVE is the idea] choice for handling such 
materials as those listed—either dry or in suspension—at 
temperatures up to 210 deg. 

Resists both abrasion and corrosion; eliminates 
clogging, plugging, building up; absorbs vibration and mis- 
alignment. 

Open—it's as free of obstruction as the pipe itself. 
Closed—it’s bubble-tight and it closes tight on all of these 
materials. 

Available in either hand or air operated types in 
sizes from 4 to 12 in. 

ie Users have found FLEx-VALvE to be the low-cost 
AFLQEX> solution to tough valving problems. If your present 
\ valve™ valves aren’t 100% effective, take a look at this one. 
"Catalog 455 gives details. 


Flexible Valve Corporation 


336 COMMERCIAL AVE. * PALISADES PARK, N. J. 





NEW 
ELECTRIC 






“CS” and “Y” 
ELECTRIC 
PRODUCTIMETERS 
The answer to all 
electric counting 
requirements 


Two Companion Counters . . . Two Sizes ... 
Hi-Speed... Accurate... Long Life...Totally Enclosed 


Speeds of 1000 counts per minute. Both counters give 
maximum readability. Design fits all mounting conditions 
+ ++ panel mounting or base mounting. Hardened steel 
working parts for long life and dependability. 

New type case for compactness, rigidity, and protec- 
tion against dust and moisture conditions. Operate accur- 
ately over wide current fluctuations. 


write for | DURANT MANUFACTURING CO. 


“New 1914 N. Buffum St. 114 Orange St. 
Electrics” Milwaukee 1, Wis. Providence 3, R. I. 
Bulletin Representatives in Principal Cities 


eli aillaiat; 


SINCE 1879 Count Everything ) 








DIALS qnd 
RECORDERS 





















































FOUR GENERATIONS have depended upon the 
accuracy of Moeller instruments. 


FOUR GENERATIONS have relied upon the un- 
failing precision of all Moeller products. 
Eighty years of such confidence in proven per- 
formance establishes the name Moeller as a guar- 
antee of perfection in the engineering and manu- 
facture of temperature indicating and recording 
instruments, 

Send for catalogs and literature on 


INDUSTRIAL, LABORATORY 
AND RECORDING THERMOMETERS 
THERMOSTATS © HYGROMETERS 
HYDROMETERS © PSYCHROMETERS 

AND MARINE SPECIALTIES 


MOELLER 


INSTRUMENT COMPANY 
132nd ST. and 89th AVE. * RICHMOND HILL 18,N. Y. 


Representatives in Principal Cities 
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ICOUNTING DEVICES 


8-Page 
Condensed Catalog 


shows Veeder-Root Counters for me- 
chanical, electrical and manual operation. 
Write for a free copy. 


VEEDER-ROOT INC. 


HARTFORD 2, CONNECTICUT 








The right answer—the Marsh 
answer — to every pressure 
gauge need is described by 
this new Marsh catalog 
which covers hundreds of 
variations of styles, types, 
mountings, ranges, func- 
tions. Remember that Marsh 
gauges, from the ‘‘Stan- 
dard” series line to the 
heavy-duty ‘‘Master- 
gauge” series have proved 
across the years to be the 
most economical you can 
buy for a given set of 
conditions. Let us prove 
this in terms of gauges 
for your product. 


MARSH INSTRUMENT CO. 
Sales affiliate of Jas. P. Marsh Corp., Dept. 42, Skokie, Ill. 
Export Dept.: 155 E. 44th St New York 17, N. Y. 
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| operation much more stable. However, even with these pre- 





leads connected between the elements of the bridges Used j 
a test. a 

The maximum value of the bridge voltage is governed 
the safe current the strain gages can handle without oy 
heating. This is largely dependent upon the heat teak. 
qualities of the bonding and insulation materials, The = 
imum value of bridge current, V/R varies with individual 
strain gages and the particular installation. A maximun 
current of about 0.1 ampere using 120-ohm gages can 
usually be regarded as safe. There are exceptions, however 
for in some cases the heat dissipation qualities of the test 
specimen will not permit as much as 12 volts on the bridge. 
Referring to Fig. 7 we see that a switch is provided which 
gives three selections of bridge voltage for a Strain-gag: 
channel. With proper design and use of strain-gage ingtyy,} 
mentation, it should seldom be necessary to operate th 
strain-gage bridge at more than 6 volts. 


PHOTOELECTRIC MEASUREMENT OF DUST 
Continued from page 534 








by 








































The light source operates at 75 percent of rated Voltage 
which is controlled by a variac in conjunction with a Sola 


















constant-voltage transformer. The low-voltage operation enncot 
prolongs the life of the light source and also makes th 
An Of 
Pa Motor 
: 930 PHOTOCELL BRUS 
Bric: LOGR 
presse 
meshe 
into 1 
___KODAK_SHUTTER 
AUTOMOBILE 
SIDE VIEW HEADLIGHT _ 


SLIDING PLATE 
GLASS 





MOVABLE LENSES 














GAS FLOW 


a 


MOVABLE LENSES 
WOODEN NOZZLE — : 


ie 
ie a 
| 














930 PHOTOCELL 


‘ 








Fig. 3. Diagram of bridge-type smokemeter. 


cautions, aging of the light source after 100 hours of oper- 
ation produced instability in the light emission, which could 
not be eliminated by the bridge circuit. Although theoreti- 
cally such elimination should be possible, the difference in 
phototube characteristics prevents complete cancellation. 





A wooden venturi-type nozzle in the sampling tube pre- 3 rolle 
vents excessive collection of dust on the lens because of i 7 
the converging flow lines and reduced pressure affected by wed 4 


the venturi section. Without this nozzle, the lens collection 
was so rapid that readings could not be made. However, 
when the nozzle is used, many hours of continual operation 
are possible without cleaning the lenses. 


SAMPLING CHARACTERISTICS 


Some measurements were taken to find the effect of the 
sampling velocity on the indication. Although a true load- 
ing indication should be obtained when the duct and 
sampling velocities are equal, the method of measurement, 

Continued on page 578 


















NSES 


NSES 


kL 











SYNCHRONOUS 


MOTORS 





@ RUGGED 
@GEARED OR 






TYPE KYAZ 
BARCOL MOTOR 


@ 25-60 CYCLES 


An open type geared Barcol 


BRUSH MAGNETIC OSCIL- 
LOGRAPH. A special pinion, 
pressed onto the final gear shafe, 
meshes with a reduction built 


into the instrument. MOTOR PROBLEM. 











¢ REVERSIBLE * WITH AND WITHOUT 








@eHIGH TORQUE 
@SELF STARTING 
@ PRECISION MADE 


NON-GEARED 
@ OPEN OR ENCLOSED 
@ 6 HR/REV TO 3600 RPM 


Motor drives the chart in this Engineering S. , 

OUR ENGINEERING 
STAFF IS READY TO 
HELP YOU WITH YOUR 


OTHER BARCOL MOTORS — UNIDIRECTIONAL 


RE- 


DUCTION GEARING « OPEN AND ENCLOSED 


BARBER-COLMAN COMPANY e@ ROCKFORD, ILLINOIS 









FLARES and 


N 
THE AIR” 






CONTROL KNOB 
FOR BURNISHING brass and aluminum tubing. 


- . « the tool that both 


BURNISHES TUBING 


py for flared fitting joints 


——— FLARES 


IMPERIAL ROQL-ALR’ 
FLARING TOOL 


Rollers in spreader cone of this tool roll 
out precision S.A.E. flares in the air—then 
give them a highly burnished finish which 
assures tighter joints. Flares soft copper, 









Unlike ordinary flaring tools, ic does not 


3 rollers in spreader form flare against countersink in die blocks. 
cone roll out the flare. Thus original wall thickness at base of flare 


Note that flare is not is maintained 


$9.85 





f . F Has extra depth dies. Speedy single-nut 

ee renee tock, clamping. Forged steel yoke. Ask for Bulle- 
tin No. 37 

* Makes No.355-F Imperial Rol-Air Flaring Tool 

Stronger Flares Flares 1/4”, 5/16”, 3/8”, 1/2”, 5/8” O.D. 

Tubing 
* Does Not 
Score the Tubing QTHE IMPERIAL BRASS MFG. CO. 


4 W. Harrison St., Chicago 7, Ill. 


Msg yt... The Imperial Brass Mfg. 
See Your Supply House Go, 33 Church St., Toronto, Ontario; 






Pioneers in Tube 
MPERIA Asin dg ab 
| F Tubing Tools 















Precise 


TEMPERATURE 
MEASUREMENTS 

















--. with the Rubicon 6 
MUELLER BRIDGE 


A highly accurate and specialized form of the Wheatstone . 
bridge designed expressly for precise resistance thermometry 
with three- or four-lead thermometers and for the measure- 
ment of other similar resistors within its range. bd 
© Wide range: 0 to 71.1110 ohms in increments of 0.0001 ohm 
® Unity ratio with provision for convenient checking and «+ 
precise adjustment of ratio arms 
® Built-in mercury commutator for lead resistance com- 
pensation oe 
@ Sub-panel switch construction 
® Built-in plug and block assembly for conveniently checking 
ratio, bridge zero and thermometer resistance with no e 
disturbance of external bridge connections 
Described in Bulletin 100 e 
€ 
c 2 
& * 2 e 
. 
+ 





. .- with the Rubicon 


e PORTABLE PRECISION POTENTIOMETER 


A two-dial instrument of exceptional accuracy and sensitivity. 


bad ® High-sensitivity, sturdy, built-in Pointerlite galvanometer— 
permits balancing to within 2 microvolts in low resistance 
circuits 

e e Completely self-contained assethbly—no external acces- 
sories except the thermocouple circuit 

e e Two ranges —0 to 16.1 and 0 to 161 millivolts—readable 


to within 2 and 20 microvolts respectively 


© Sturdy, compact construction for long dependable service 


> Described in Bulletin 270 


RUBICON COMPANY 


Electrical Instrument Makers 
3755 Ridge Avenue . Philadelphia 32, Pa. 
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... Symbol of Simplified Operation and Maintenang 


iT WILL PAY YOU TO 
TAKE A GOOD LOOK 





Liz all products that bear the Honeywell nameplate, 
the Brown Thermometer has established a reputation 
for sound design, trouble-free operation and flexibility 
of application. 


Used in thousands of plants and operations in all seg- 
ments of industry, it is performance-proved and accepted 
by superintendents, engineers and instrument men alike. 





Tue Brown Thermometer is designed to fit your specific 
requirements. Its “‘custom-application”’ is made possible 
through its wide variety of bulbs and wells, temperature 
ranges and electric and pneumatic control forms. . . as 
well as its suitability for recording combinations of tem- 
peratures, pressures, and flows. 


Its quick response to temperature changes. . . continuous, 
dependable operation . . . and accurate measurement 
have long made it a first choice of practical instrument 
men throughout all industry. 


The Brown Thermometer is available in a universal rec- 
tangular case for flush or surface mounting . . . with 
bottom or back connections . . . with bulb and capillary 
tubing systems for temperatures ranging from —125° F. 
to 1000° F. . . . with electric or pneumatic control forms. 


For complete information on the Brown Thermometer, 
write for Catalog 6708 or call your local Honeywell 
engineer . . . he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, 4482 Wayne Ave., Philadelphia 44, Pa. Offices 
in more than 80 principal cities of the United States, 
Canada and throughout the world. 


Mi tee ae APO Org 
Honeywell 
a 


BROWN INSTRUMENTS 


sesenannnenesspnnaananeensbonersesnpererenntresserremnenens 0770/7 





Honeywell 


WSTRUMEM 








MERCURY, GAS & VAPOR 
THERMAL SYSTEMS 


VARIETY OF BULBS AND 
WELLS 


WIDE TEMPERATURE 
RANGES—FROM -125° F. 
TO 1000° F. 


AVAILABLE WITH A VA- 
RIETY OF ELECTRIC AND 
PNEUMATIC CONTROL 
FORMS 


STURDY CONSTRUCTION 


EASY RANGE CHANGE 


AVAILABLE IN 1, 2 OR 3 
PENS FOR RECORDING 
COMBINATIONS OF TEM- 
PERATURES, PRESSURES, 
AND FLOWS 














The Month’s NEW INSTRUMENTS 





In this department we report each month new devices for measurement, inspection, test- 
ing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 60] 





Pneumatic Flow 
Transmitter 


New “Differential Converter” is a 
lightweight transmitter designed for 
sensitive measurement and control of 
fluid flows. Converter has a continu- 
ously adjustable range from 0-20 to 
0-200 in. water (differential pressure) 
with no change of parts. Field calibra- 
tion of any range is possible by use of 
scale-type weights which eliminate need 





for water column. Operating on pneu- 
matic-balance principle without mer- 
cury, the differential pressure due to 
fluid flow at metering orifice is contin- 
uously balanced by pneumatic pressure, 
which is connected to a recording or 
controlling instrument. Fast speed of 
response to rapid changes in flow is 
prime feature claimed. Forged body is 
offered with 750- or 1500-psi. rating in 
stainless or carbon steel. Volume dis- 
placement in meter is so small that seal 
pots or condensing chambers can be 
eliminated in most installations.— 
Brown Instruments Div., Minneapolis- 
Honeywell Regulator Co., Wayne & 
Windrom Aves., Philadelphia 44, Penn. 


Mention No. 501 when filling out card. 





Portable Air-meter 


New battery-operated air-meter meas- 
ures air velocities from 0 to 4000 ft. per 
min. and static air-pressures from 0 to 4 
in. water. Instrument has two scales 
for air velocity measurement; low 
range from 0 to 750 ft. per min., high 
range from 750 to 4000 ft. per min. 
Probe-mounted noble-metal thermopile 
is placed in airstream whose velocity 
is measured. Static pressure is meas- 
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ured by use of pressure attachment on 
probe. Device is not affected by length 
of cable or sudden temperature varia- 
tions. Instrument lag is less than one 
second. Weight is 11 lbs.—Hastings In- 
strument Co., Inc., Super Highway at 
Pine Ave., Hampton 10, Va. 


Mention No. 502 when filling out card. 





Moisture Tester 


New “Model 8008 Moisturonic” tester 
measures moisture content of lumber, 
wood, plaster, and other materials of 
varying textures. Portable instrument 
has range from 2,000 ohms to 20,000 
megohms, and large scale. Measures 
resistance between electrode probes in- 





serted into material to be measured. 
Available with scale calibrated for use 
with lumber, wood, plaster, and wood 
products, or with linear graduations 
for use with materials for which no 
calibrations have been determined. 
Available as either battery operated 
or 115-v. 60-cycles a-c. operated.— 
Tagliabue Instruments Div., Weston 
Electrical Instrument Corp., 614 Frel- 
inghuysen Ave., Newark 5, N. J. 
Mention No. 503 when filling out card. 





Multi-station Thermocouple 
Gage 


New “Type TG-09” thermocouple 
pressure gage is available with 2, 3, 
4, 5, or 6 stations, all reading on single 
indicator. Range is from a few microns 
to one millimeter Hg. Gage operates 
from 115-v. 60-cycle circuits. Also 
available is “Type TG-08” single-sta- 
tion thermocouple gage operating from 
two flashlight dry cells. Sensitive ele- 
ment is thermocouple junction to which 
heat is supplied at constant rate by 
voltage-regulator circuit. Gage tube 
may be mounted vertically and plugged 
into control cabinet or it may be used 
with cord several hundred feet long.— 
Vacuum Equipment Dep't, Distillation 
Products Industries, Rochester 3, N. Y. 


Mention No, 504 when filling out card. 





X-Y Recorder 


New “MD-2” portable X-Y Strip. 
chart recorder automatically plots g. 
multaneous relationship between any/ 
two variables that can be made to a 
tuate “Microformers.” Any standarj 
Baldwin “Microformer” strain follower 
may be used. “Microformers” are mip. 
iature variable transformers having yy. 


able core movements of 0.120 in. Dis. 
placement of core upsets self-balancing 
bridge. Unbalanced signal is amplified 
electronically and drives _ servomotor 
which repositions core and operates 
the recorder drum or stylus. Sensing 
“Microformer” core movements of 0,03 
in. and 0.06 in. produce full-scale (10- 
in.) displacement of stylus; core move- 
ments of 0.03 in., 0.06 in., and 0.120 in, 
produce drum rotation of 10 in. Move 
ment of external “Microformer” core 
recorded to accuracy within 0.2 percent 
recorder scale. Recorder weighs 50 lbs. 
—Baldwin-Lima-Hamilton Corp., Phila. 
42, Pa. 


Mention No. 505 when filling out card. 


X-Y Recorder 


_ New “ElectroniK” function plotter 
incorporates two measuring systems; 
one actuates recorder pen, the other 
motivates instrument chart. Chart is 
driven up and down in response to 
changes in one variable simultaneously 
with movement of pen in response to 
changes in second variable; resulting in 
curve which continuously evaluates one 
variable in terms of second variable. 
Interdependent nonlinear variables are 
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“ and what it means 
F - : to you... 


Whether or not you ever need accurate measure- 
ment of pressures in the super-range of 50,000 to 
80,000 psi, this new, exclusive helical spring 
developed by Foxboro illustrates the advance 






























ancing 

= engineering you will get in any Foxboro Pres- 

m 

wo sure Instrument. 

ensing : : 

of 0.03 Foxboro has the most complete line of pressure instruments 

_— available. You have a choice of rectangular or circular cases 

120in.§ =. ... spring elements in phosphor bronze, beryllium copper, or 

be ste Type (316) Stainless Steel. For normal applications, the 

yercent standard spiral and helical elements are standards of supe- 

phn rior performance .. . rugged, fatigue-free, lastingly accurate. 50 to 80,000 
For the difficult, unusual jobs, the new heavy-duty helical psi 

card. offers radically new design utilizing the tough, corrosion- 


resistant properties of Type (316) Stainless Steel . . . partic- 
ularly adapted to rapidly pulsating service from zero to full 
pressure ... responsive and absolutely safe on pressures up 
to 80,000 psi. Other elements (not illustrated) include: dia- 
phragm, 0-1” water to 0-5 psi; bellows, 0-5 psi to 0-25 psi; 
absolute pressure bellows, 0-4” mercury to 0-40 psi. 

This unequalled range of pressure elements, engineered to 
the highest standards in instrument design, is your assurance 
of the best pressure instrument for any industrial application. 
The Foxboro Company, 465 Neponset Avenue, Foxboro, 
Mass., U.S.A. Branch offices in principal cities. 


OX BORO PRESSURE RECORDERS 


REG. VU. S, PAT. OFF. 
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YouNt 


o HEAVY 
Work! 


Switch instantly from light to heavy 
work—or vice versa—with the 250- 
watt Weller Soldering Gun. Con- 
trolled dual heat makes the Weller 
Gun the only soldering tool you 
need for all types of work. 5-second 
heating saves time and current on 
every job, too. Your Weller Gun 
pays for itself in a few months! 


250-Watt WELLER 


these exclusive ¢ 
features 


@ TRIGGER-SWITCH CONTROL 
Governs heat and saves power because no need fo 
unplug gun between jobs. Heat goes off when you 
release trigger. 
e@ 5-SECOND HEATING—No waiting, no wasted 
current. Saves hours ond dollars each month. 
@ SOLDERLITE—Spotlights the work. Lets you see 
what you're déing ot all times, even in dark corners. 
@ LONGER REACH—Lets you get at any job with 
ease. Slides between wiring, into the tightest spots. 
@ STREAMLINED—Compact and comfortable to 
hold. Pistol-balanced for fast precision soldering. 
© WELLERTIP—Rigid and chisel-shaped with more 
crea for faster heat transfer. Over/under termi- 
nals brace tip, give greoter visibility. 
e DUAL HEAT—Single heat 200 watts; dual 
heat 200/250 watts; 120 volts; 60 cycles. 
See the all-purpose Weller Soldering Gun today 
at your distributor —or write fer bulletin direct. 

SOLDERING GUIDE — Get your new copy 

of SOLDERING TIPS—revised, up-to-date 

and fully illustrated 20-page booklet of 

practical soldering suggestions. Price 10c 

at your distributor, or order direct. 


WELLER 


ELECTRIC CORP. 
800 Packer Street, Easton, Pa. 
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| neapolis-Honeywell 


plotted easily. By using function plot- 
ter, measurements can be compiled and 
curve piotted automatically. Measure- 
ments over entire curve are continu- 
ous; no interpolation needed to com- 
plete data between points of measure- 
ment.—Brown Instruments Div., Min- 
Regulator Co., 
Wayne & Windrim Aves., Philadelphia 


| 44, Penna. 


Mention No. 506 when filling out card. 





D-c. Micromicroammeter 


New “MV-11A” electronic ammeter 
has ranges from 1 micromicroampere 


| to 10 amperes with small voltage 


drops across measuring shunts. D-c. 


voltage input is modulated on 120-cycle 
signal, which is amplified, rectified, and 
metered. Operates from 115-v. a-c. sup- 
ply.—Millivac Instrument Corp., Box 
3027, New Haven, Conn. 


Mention No. 507 when filling out card. 





Portable pH Tester 


New battery-operated pH tester uses 
polyethylene probe unit which combines 
calomel and glass electrodes with sam- 
ple holder. Sample volume required is 
0.5 ml. Electrometer tube, switch, and 


has 

input connector are sealed from high- 
humidity conditions. Scale is marked 
2 to 12 pH. Adjustment gives readings 
from 0 to 14 pH. Accuracy is 0.1 pH. 
Instrument is supplied with plastic 
tubes of buffer and KCl solutions. 
Bakelite case is 3 x 5.88 x 2.5 in. 
Weight is 3 lbs.—Analytical Measure- 
ments, Inc., 585 Main St., Chatham, 
N. d- 


Mention No. 508 when filling out card. 


Beta-ray Thickness Gage 


New beta-ray gage records continy. 
ously variations in weight per 
area or thickness of sheet mate 
production line. Steel, aluminum, brags, 


| 


rubber, plastics, and coated textile 
can be gaged to a few millionths of ay 
inch. Material being measured is yyy 
through gap between source of betg 
radiation and radiation detector. Stand. 
ardizes automatically for drifts and 
errors.—Industrial Nucleonics Corp, 
ie Chesapeake Ave., Columbus 12, 
Ohio. 


Mention No. 509 when filling out card, 





F-m. Oscillator with 
Markers 


New “Marka-Sweep” f-m. oscillator 
has built-in crystal markers at 1, 2, 6, 
10, 15, and 20 me. Two wide bands of 


50 ke. to 10 me. and 50 ke. to 20 me. 
are selected by switch. Output of 03 
v. at 72 ohms has either continuous or 
switch-type attenuator.—Kay Electric 
Co., Pine Brook, N. J. 


Mention No. 510 when filling out card, 





Capacitance Tester 


New “Type 1612-AL” capacitance 
tester measures capacitance from 4 
few hundredths of a uuf. to 100 uuf. 
by substitution method in circuit reson- 
ated at 1 mc. Ranges are 0 to 10 uf. 
and 0 to 100 uuf. Instrument has built 
in 1-me. oscillator and resonance in 
dicator. Accuracy is 5 percent, or 0.0) 
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Internal Side-Flange Mounted 
© for Corrosive Conditions 
@ for Economical Installation 
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Here’s a level controller designed for mounting on a flanged 
vessel nozzle with the displacement element operating within 
the vessel itself. It offers a more economical installation than an 
external mounting. Use the new Type 889 where external cage 
mountings are impractical due to clogging or vapor - locking 
of equalizing lines. 

Torque tube, tube assembly, connecting parts, pilot and 
regulator are same as the famed new BS&B “Climax” Type 888. 
Standard size available in 4” ASA flange series. Larger flanges 
or special connections available on request. 

Displacement elements up to 120 inches can be furnished. 
Write today for new catalog, specifications, prices. 





BLACK, SIVALLS & BRYSON, INC. 


Climax Controls Division 
Adv. Dept. Rm. 54V 7502 East 12th Street 
Kansas City 3, Missouri 





‘Climax’ type 889 
INTERNAL SIDE-FLANGE MOUNTED 


LIQUID LEVEL CONTROLLER 






















MODEL 100 


Berkeley Basic Scaler 


SINGLE HI-VOLTAGE CONTROL 
simplifies operation, prevents inad- 
vertent over voltaging of GM tubes. 
Single continuous control from 0 to 
2,500 volts. 


TRUE DECIMAL PRESENTATION 
for easy reading. No interpolation, 
no lights to add. Results are pre- 
sented in direct- reading form on 
illuminated panels of the two elec- 
tronic counting units. A 6-place me- 
chanical register extends total ca- 
pacity to 99,999,999. Selectable 
electronic scale of 10 or 100. 


SMALL, LIGHTWEIGHT for easy 
portability. Weighs only 18 Ibs.; 
measures 934” x 103%,” x 1412". 
Baked enamel finish permits easy 
decontamination. 


ACCESSORY OUTLETS are pro- 
vided for external clock, timer, loud- 
speaker, or output pulse per count 
to drive count rate meter or count- 
ing rate computer and recorder. 


DECIMAL 
SCALERS! 


GM OR 
SCINTILLATION 
COUNTING* 


SINGLE “H.V.” 
CONTROL 


SMALL — 
LIGHTWEIGHT 


POSITIVE OR 
NEGATIVE “H.V.” 
SUPPLY* 


ELECTRONIC 
SCALE-OF-100 


DIRECT READING 


PREDETERMINED 
COUNT* 


LOW COST 


*MODEL 110 


Berkeley Universal Scaler 


This versatile scaler has all the 
features of the Model 100, plus: 


POSITIVE OR NEGATIVE HI- 
VOLTAGE SUPPLY, selectable by 
simple internal switch, permits use 
with either GM or scintillation de- 
tectors. 


BUILT-IN PREDETERMINED 
COUNTER provides presettable 
scaling factors of 100, 200, 400, 
1,000, 2,000, 4,000, 10,000 and 
20,000. 





LOW COST: 


The Model 100, produced in quan- 
tity, provides a basic Geiger-Muller 
Scaler at minimum cost. Price $330 


The Model 110, with its added feat- 
ures, offers maximum flexibility in 
meeting your every counting need. 


Price $425 


For complete information, write for bulletin 100-1 


2200 WRIGHT AVE. » RICHMOND, CALIF. 





A NATIONAL ORGANIZATION 


Berkeley Scientific Representatives: DALLAS, TEX. — John A. Green Co. * VANCOUVER, B. C. — Hugh M. 
Birch-Jones Co. * CLEVELAND — J. R. Dannemiller * MONTREAL, QUEBEC —'Electrodesign * CHICAGO- 


KANSAS CITY — Everett Associates * NEW YORK CITY (Export) — Frathom Co. 


° NEWARK - 


WASHINGTON, D. C. - PHILADELPHIA — Gawler-Knoop Co. * MINNEAPOLIS, MINN. — Graybar Electric 

PORTLAND, OREGON — Howthorne Electronics * DENVER - SALT LAKE CITY — Mine & Smelter Supply 

ATLANTA — Murphy & Cota * ROCHESTER, N. Y. — E. A. Ossman * LOS ANGELES — V. T. Rupp Co. 
DETROIT — S. Sterling Co. 
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uuf. below 1 uuf.—General Rag; 
275 Massachusetts Ave., Cambridge 
Mass. if 


Mention No. 511 when filling out card 





Capacitance Tester 


New direct-reading a-c. operated tes, 
er measures small values of direct . 
pacitance on a 4-in. logarithmic scale 
Scale ranges are 0.1, 1.0, 10, and 10) 


7: 


Wes Wee eat 





GR 























uuf. Accuracy is better than 5 percent 


Calibration is by built-in standard 
Measurements are made at 500 ke 
Power factor is not measured.—Mae. 
Leod and Hanopol, Inc., 10 Joiner St, 
Charlestown 29, Mass. 






Mention No. 512 when filling out card, 





Grating Monochromator 


New grating monochromator uses 
mirror optics to provide monochromatic 
radiation from ultraviolet (2000A) to 
infrared (6 microns) without changing 
components. Spectral purity is equal to 
or better than prism-type double mono. 





chromator. Resolution and_ dispersion 
for first-order spectrum depends on 
number of lines ruled on grating. Am- 
plifier operates with light chopper and 
photomultiplier or photoconductive cell 
to give d-c. output. Sensitive elements, 
prepared on small rectangular glass 
pieces, are provided with contact elec- 
trodes and used behind an exit slit— 
Baird Associates Inc., 33 University 
Rd., Cambridge, Mass. 


Mention No. 513 when filling out card. 





Portable Multimeter 


New “Model 555” multimeter has 
4.5-in. indicator and 50-ua. movement, 
which gives input impedance of 20,000 
ohms per v. D-c. voltage ranges are: 
0-2.5, 10, 50, 250, 1000, 5000; a-c. volt- 
ages same as d-c. at 1000 ohms per ¥ 
D-c. resistance: Rxl, x100, x10000. D+. 
current: 0-100 ua., 10 ma., 100 ma., 500 
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ma. 10 a. D-c. accuracy is 3 percent of 
scale; a-c. is 5 percent of scale.— 
Electronic Instrument Co., Inc., 276 
Newport St., Brooklyn 12, N. Y. 
Mention No. 514 when filling out card. 


























pores : 
andard, 
500 ke Frost-proof Level Gage 
|—Mac. = New “Series RLF-10 and TLF” non- 
ner St. frosting large-chamber gages prevent | 
frost from forming over vision slot 
yer for level reading of low-temperature 
itor 
I Uses 
romatic 
0A) to 
langing 
qual to 
> mono- 
27 
and low-boiling-point liquids. Large 
area of meniscus results in less tur- 
bulence. Patented gage-glass extension 
is transparent unit extending from 
gage glass and projecting beyond cover 
bolts so that frost cannot build up 
over vision slot.—Jerguson Gage & | 
Valve Co., 80 Fellsway, Somerville, 45, 
Mass. 
Mention No. 515 when filling out card. 
ersion Microphotometer 
“> New photomultiplier microphotom- | 
rand @ °?,measures and compares light in- | 
san tensities from 20 micromicrolumens to | 
nents, 20 lumens at selected wavelengths. Me- 
glass i 
elec. ‘ 
slit— 
ersity 
rd, 


























ILLUMINATED DIAL GAGES 
ARE MUCH EASIER TO READ 


.... iluminated dial with black light just like 
airplane or automobile panel instruments 
for better visibility without glare 


___. also available with white light and 
with black or white dials 


—— ideal for symmetrical panel layouts 
_—. dial sizes 442”, 6” or 8%2”—all standard 
pressure ranges 


Write for complete information 










Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 
Bridgeport 2, Connecticut 
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NEW EDITION. Contains many new facts and suggestions— more useful 
information than previous editions. 


THIS BOOK WILL 
SAVE YOU MONEY 


ON THERMOCOUPLES AND PYROMETER ACCESSORIES 


Put this new 56-page buyers’ guide and users’ manual to work in 
your plant. Write for free copy today. 

Bristol’s new engineering handbook makes correct selection and ap- 
plication of pyrometer supplies an easy matter. Lists the widest variety 
of thermocouple assemblies, pyrometer tubes. terminal heads. thermo- 
couple wire and extension wire on the market. Address THE BRISTOL 
COMPANY, 113 Bristol Road, Waterbury 20, Conn. (The Bristol Com- 
pany of Canada, Ltd., Toronto, Ont.) 


Let Us Show You How You Can Save Money By Using Bristol’s 
“Team-Up” Pyrometer Supplies Plan 


You save, first, by “teaming-up” your purchases of thermocouples 
and pyrometer accessories to take advantage of Bristol's substantial 
quantity discounts. 

You save, second, by having adequate reserves always on hand. thus 
avoiding delivery delays which might be costly. 

Bristol carries stock for inimediate shipment in Waterbury, Conn., 


Chicago and San Francisco. 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 





Vol. 24 
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| It can be actuated by 


ter indicates percent transmisgj 

sity, and photocurrent microanpaal 
directly without correction fg ws 
Outlet on panel provides 10 my, at 100 
microamperes for operation of 
mercial recorder. Operates With 60. 
cps. a-c. supply. Current gain of 100, 
000 with negligible drift is provided by 
electrometer subminiature-tube circuit, 
—American Instrument Co, Silver 
Spring, Md. 


Mention No. 516 when filling out card, 





Indicating Millivoltmeter 


New indicating millivoltmeter cop. 
tains a galvanometer unit; is compars. 
tively free from effects of vibration and 
from varying lengths of extension wires, 
thermocouples 





and Radiamatic pyrometers, tachome- 
ters, resistance thermometers or any 


| source of millivoltage. Instrument has 


plug-in inter-changeable galvanometer 
in upper compartment. Calibrated meas- 
uring system, scale, pointer and mirror 
are said to be completely protected.— 
Brown Instruments Div., Minneapolis. 
Honeywell Regulator Co., 4482 Wayne 
Ave., Philadelphia 44, Penna. 


Mention No. 517 when filling out card, 





AM Frequency Monitor 


New “Type BW-11A” monitor will 
continuously and directly indicate, in 
cps., magnitude and direction of any de- 
parture of transmitter frequency from 
its assigned channel in range of 500 to 
2000 ke. It reveals deviation range, 
readable to 1 eps., of plus or minus 
30 cps. with an accuracy of 10 ppm. 
Stability under normal operating con- 
ditions is better than 1 ppm. Wide vari- 
ations in tube characteristics and line 
voltage cause negligible error in devi- 
ation indications, maker states. A warn- 
ing lamp indicates failure of either 





Responsible positions in a diversified pro- 
gram of research on the development and 
application of modern physical instrumenta- 
tion to an expanding Gulf Coast chemical 
industry are open to interested physical 
chemists, chemists, and physicists. A broad 
program of investigation will include ultra- 
violet and infrared spectrometry, mass 
spectrometry, refractrometry, potentiomet- 
ric devices, thermal conductivity, dielectric 
constant, etc. Conventional instruments 
are being evaluated and modified, and new 
and original ones developed. These positions 
are in the research department and are 
closely integrated with the development of 
new products and processes. They will re- 
quire originality and ingenuity. Experience 
desirable, but not essential. Salary com- 
mensurate with qualifications. 

Please set out full educational and employ- 
ment background and salary expectations 
in first letter to J. E. Russell, Employment 
Sec., Personnel Relations Dept., Monsanto 
~— Co., 1700 S. Second St., St. Louis 
» Mo. 3 
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itter carrier or monitor crystal 
meter. RF pickup can be obtained 
either by direct connection to trans- 
mitter or by short length of wire at- 
tached to input terminals. Over-all 
dimensions 19 x 15.75 x 9.63 in.; weight 
60 lbs.—RCA Engineering Products 
Dept., Radio Corp. of America, Camden, 
N. d. 

Mention No. 518 when filling out card. 





Feeder Voltage Regulators 


New feeder voltage regulators are 
at least 99 percent accurate regardless 
of changes in temperature or load. 
New controls are designed to meet ASA 





requirements for Class 1 accuracy; 
they allow feeders to carry heavier 
loads for greater distances, it is 


claimed.— Transformer and Allied 
Products Divs., General Electric Co., 
Schenectady 5, N. Y. 


Mention No. 519 when filling out card. 





Magnetic Memory 


New “Static Magnetic Memory” uses 
saturable reactors with cores of Per- 
manorm 5000Z to store, delay, and 
count pulse-type information. Core 





Experienced Instrument Engineer 
Vacancy for a permanent ap- 
pointment as instrument engi- 
neer with this company exists 
for a man between 25 and 35 
years of age and Al medical cat- 
egory. He should be able to se- 
lect proper equipment for new 
jobs also interpret results and 
ealculate correction factors of 
instruments. He must have ex- 
perience and ability to organize 
Instrument maintenance and 
carry out normal repairs. 
Applications should be made to 
Canada and Dominion Sugar Co. 
Ltd., P. O. Box 490, Montreal, 
Quebec, in envelopes marked 
“Instrument Engineer.” 














ECLIPSE-PIONEER 


Announces the New Line of 


PYGMY 
SYNCHROS 


Size of pygmy 
as compared 
to AY-200 
series outline 





Eclipse-Pioneer has added a tiny new member to its great family 
of famous Autosyn* synchros. It’s the new AY-500 series, a 
precision-built pygmy weighing only 1% oz. while scaling only 


1.278” long an 


.937" in diameter (the same diameter, inci- 


dentally, as a twenty-five cent piece). Its accuracy and depend- 
ability are assured, thanks to Eclipse-Pioneer’s 17 years of 
experience and leadership in the development of high precision 
synchros for aircraft, marine and industrial applications. For 
more detailed information on the AY-500 and other E-P Autosyns, 
such as the remarkably accurate AY-200 series (guaranteed 
accuracy to within 15 minutes on all production units), please 
write direct to Eclipse-Pioneer, Teterboro, N. J. 


*REG. TRADE MARK BENDIX AVIATION CORPORATION 


Loox For THe PIONEER mark oF quatity 
REG. U.S. PAT. OFF. 


Typical Performance Characteristics 





One AY-201-3 Driving 


One AY-500-3 Driving 





One AY-500-3 
Control Transformer 


Two AY-500-3 
Control Transformer 


One AY-500-3 
Control Transformer 





INPUT 
Voltage 
Frequency 
Current 
Power 
Impedance 


OUTPUT 

Voltage Max. 
(rotor output) 

Voltage at null 

Sensitivity 

Voltage phase shift 
System accuracy 
(max. possible 

spread) 





26-volts, single-phase 
400 cycles 

88 milliamperes 

0.8 watts 

105-+-j280 ohms 


17.9 volts 

40 millivolts 

310 millivolts /degree 
23 degrees 


0.6 degrees 





26-volts, single-phase 
00 cycles 

110 milliamperes 

1.2 watts 

100-+-j220 ohms 


16.2 volts 

40 millivolts 

280 millivolts /degree 
26 degrees 


0.6 degrees 





26-volts, single-phase 
00 cycles 

55 milliamperes 

0.9 watts 

290+-j370 ohms 


14.1 volts 

40 millivolts 

245 millivolts /degree 
44 degrees 


0.75 degrees 


Other E-P precision components for servo mechanism and computing equipment: 
Servo motors and systems e rate generators e gyros e stabili- 
zation equipment e turbine power supplies e remote indicating- 
transmitting systems and special purpose electron tubes. 


For detailed information, write to Dept. A 


ECLIPSE-PIONEER DIVISION of 


TETERBORO, NEW JERSEY 


Export Sales: Bendix International Divisi 


AVIATION CORPORATION 





. 72 Fifth Avenue, New York 11, N. Y. 
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HOUSINGS ..... 


ELECTRONICS 
INDUSTRY 


Your choice of height in more 
than 44 panel sizes, designed 
to afford greatest utilization 
of space and weight. . 
Streamlined appearance 
... Sturdy ... Econom- 
ical . .. Olympic “S” 
series, ‘‘A’’ series 
and MIL-T-27 
series, with or 
without snap 

locks, shipped 

from stock. 












for | 
| relays\e 
vibrators 
amplifiers 
capacitors 
instruments 
transformers 


Case bodies fabricated to any 
length required. Hot tin dipped 
to your specifications. Covers and 
cases modified with hole patterns, 
cut-outs, mounting brackets ‘or other 
special requirements. | 


Facilities available for fabrication of 
Oh sub-assemblies. 
VM, IG 


METAL PRODUCTS COMPANY INC. 
P. O. Box 71C Phillipsburg, N. J. 
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of reactor is saturated or 
by pulse ea, Miaiking 
as open or closed switch. ‘ 
condition persists: after pulse ae 
ting pulse storage without aoa 
Counts or circulates any configurati 4 
of pulses.—Alden Products Co, LT N 
Main St., Brockton 64, Mass, i 


UnSaturate 





Mention No. 520 when filling out card 








Automatic Batch Counte 


New “Monitor” automatic batch 
counter counts batch quantities at hj h 
speed. Batch-control switch operates 
automatically at completion of egg 
































count. Instrument furnished with 
ranges from 1 to 99, 999, 9999, or 99999, 
Any desired batch quantity within 
range can be selected by dial pointers, 
Operates on 115 v. 25 to 60 cycles— 
Production Instrument Co., 702 W. 
Jackson Blvd., Chicago 6, IIl. 











Mention No. 521 when filling out card, 





Pyrometer Controllers 


New “Simplytrol” pyrometer control- 
lers have large 4.5-in. indicator. Con- 
tact relays for control action are 
interchangeable for different temper- 
ature ranges. “Series 4540” has limit- 
control contacts which make when pre- 











INSTRUMENT ENGINEER 


With background and _ desire 
sufficient to handle electrical in- 
strument department-potenti- 
ometer controls or recorders, 
bridges and/or galvanometers 
and servo-mechanisms. Must be 
capable of initiating designs 
and handling developments and 
application. Give experience, 
education, age, references and 
salary expected or received. Re- 
plies confidential. Location-West. 
Box 196, Instruments Publishing 
Company, 921 Ridge Ave., Pitts- 
burgh 12, Pa. 
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Phagrit Falls, Ohio. 
Mention No. 522 when filling out card. 


Products, 





Event Counter 
New 


a time interval. Number 





ications include: input signal fre- 
quency range from 10 eps. to 150,000 
cps.; accuracy of, plus-or-minus one 
cycle; input signal amplitude from 0.5 
to 100 v. rms.; 60-cps. a-c. power.— 
Walkirt Co., 5808 Marilyn Ave., Culver 
City, Calif. 
Mention No. 523 when filling out card. 





Radioactivity Counter 


New “Mark 1, Model 5” fusion-seal 
mica-window counter has thin mica 
window for counting beta rays. 
Samples can be placed within 1/32 in. 
of’ window. Can be used with Tracer- 
lab “TGC-1 or TGC-2” Geiger counters. 
Specifications include threshold of 1200 








WANTED 


Technical Correspondent 
(Pyrometer Experience) 


Unusual opportunity for lifetime posi- 
tion to proper party between age of 25 
and 45. College education essential. 
Must have thorough knowledge of py- 
rometers and accessories and be capable 
of figuring and submitting quotations 
and handling technical letters and tele- 
phone inquiries. All replies will be held 
strictly confidential. Salary open. This 
ig an old established firm located in 
Midwest United States. Give full par- 
ticulars concerning qualifications in 
first letter. 


Address reply to Box 197, 
Instruments Publishing Co., 


921 Ridge Ave., Pittsburgh 
12, Penna. 














“Series 

» has limit control and automatic 
4530" he trol to maintain preset 5 oe 
ne., 


“Type-M1731 Eventometer” 

number of cycles occuring in 
| counted is 
displayed on 5 columns of lights. Spec- 


Here’s why 
those in the know 


demand- 


superior 
contact 


Because the contact is the key to the 
success of any electric connector, Can-: 
non has always applied the highest order 
of skill and care to this all-important 
detail. Cannon pin and socket contacts 
are all precision machined from solid 
bar stock. Silver or gold plating main- 
tains high conductivity after years of 
constant use. Phosphor bronze “napkin 
ring” of the socket keeps pressure on 
large areas of heavy metal, preventing 
current loss. There are no thin metal 




















coe 


co 
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—C> &_ C&S 










Solid bar stock keeps 
flux and solder out of 
the connector. 






Phosphor bronze 
“napkin ring’ 








Hand-tinning keep 
solder inside cup 































tangent contact points in Cannon con- 
tacts. (See below). Soldericups are care- 
fully tinned by hand to keep the solder 
inside the cup. Cannon socket contacts 
are full floating to assure perfect align- 
ment. You'll find these design features 
throughout the great variety of pre- 
cision contacts used in all Cannon con- 
nectors. For real value demand Cannon. 


@©e 


Cannon design (above left) makes con- 
tact on large, heavy metal surfaces. 
Current is not carried through spring 
section. In Cannon Connectors there 
are no thin metal tangent contact 
points, like the design shown at right. 


CANNON 
ELECTRIC 


Since 1915 

LOS ANGELES 31, CALIFORNIA 
REPRESENTATIVES IN 
PRINCIPAL CITIES 





In Canada & British Empire: Cannon 
Electric Co., Ltd., Toronto 13, Ontario. 
World Export (Excepting British Em- 
pire): Frazar & Hansen, 301 Clay St., 
San Francisco, California. 
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CAN YOUR 
AIR CONTROLS 
OPERATE ON— 


Water! 
Oil Sludde! 
Scale? 


CONDENSIFILTER | 


PROVIDES Three Way PROTECTION 
” COOLING— condenser is the 


HEART of the CONDENSIFILTER 


—cools air to within less than 5° of 
cooling water temp.—lowers dew point. 


© AUTOMATIC BLOW DOWN_speciaty 


designed toeliminate daily attention—prac- 
tically no maintenance cost. 


e FILTERING_; concentric brass baskets in 


parallel—each wrapped with seven layers of 
canton flannel—provides over 16 sq. ft. of 
filter surface area. 


1501 Beaver Avenue, Pittsburgh 33, Pa. 


A“ METER 


TYPE /60-A 































HANKISON CORP. 
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| of heat-treated stainless steel. Exely. 


| ards also available—The Swartwout 







v., plateau of 200 v., 4-prong tube 

























and height of 1.1 in— Radiat; ’ Ait 
er Laboratories, 1844 W. 21st Sta 

cago 8, Ill. » Chi. New 1] 

: valves £0 

Mention No. 524 when filling out card, Me taminant 

; pressed 

: utomat! 

Stainless-steel Valve air line 

New “Type-V10” line of flow-regy forced do 

lating valves is designed to handiefe SUMP bot 

steam and water at high Pressure raises § 

drops, and especially flashing conden chamber, 

sate. Internal parts of valve seat fm blasts 0 

disk and long-guide sleeve, are aie Corp. 17 

Mention 

Mic 

New in 

ness tes' 

hardness 

precision 















27 


sive scroll inlet and gradually-expanded 
straight outlet eliminate direct impinge. 
ment and resulting corrosion-erosion ef- 
fects. Valves are supplied in 7 pipe 
sizes: 1 to 4 in., and in 150 to 600 psi, 
standards. 900-1500 and 2500 psi. stand- 
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Co., 18511 Euclid Ave., Cleveland 12, 
Ohio. 


Mention No. 525 when filling out card, 





Packless Reducing Valves 


New packless construction in pilot- 
operated and direct-operated reducing 
valves in sizes 0.5 through 3-in., for 
pressures of 250 lbs. or less, is friction- 


Mentior 


Dr 





New 
measure: 
is presse 
90 deg., 
100 cirev 
scratch 
Harry V 
Ave., De 


Mentio: 


—— 


New 
measure: 
thread i 
threads 
When se 
tor gives 
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less, eliminating sticking stems and 
assuring steady regulation to ounces. 
No change made in over-all dimensions 
of standard valves.—C. E. Squires Co, 
18502 Syracuse Ave., Cleveland 10, 
Ohio. 


Mention No. 526 when filling out card, 




























Air-line Drain Valve 


New 
valves f 
} taminant: 


ged air : 
Piromatic separators and drains. When 


i not in use diaphragm is 
air a down by back pressure and seals 
ps bottom. As air is used diaphragm 
vaiees shaft, seals bottom of middle 
“hamber, opens bottom of sump, and 
blasts out contamination.—Wilkerson 
Corp., 1749 So. Broadway, Denver, Colo. 


5 and precipitates from com- 


Mention No. 527 when filling out card. 





Micro-hardness Tester 


ew improved “Kentron” micro-hard- 
a tester makes Knoop or Vickers 
hardness tests on metals, fine wire, 
precision parts, plastics, glass, paint, 





ceramics, etc. Applies dead-weight loads 
from 1 to 10,000 grams. Test specimen 
slides underneath high-powered objec- 
tives without disturbing focus. Vise in- 
dex locates impressions readily any 


time after testing—Kent Cliff Labor- 


atories, Peekskill, N. Y. 


Mention No. 528 when filling out card. 





Dry Hardness Tester 


New “No. 673” dry hardness tester 
measures sand core hardness. Tester 
is pressed flat on core, knife is rotated 
90 deg., and hardness read from 0 to 
100 circular dial. Instrument also reads 


scratch and indentation hardness.— | 


Harry W. Dietert Co., 9330 Roselawn 
Ave., Detroit 4, Mich. 


Mention No. 529 when filling out card. 





Internal Thread 
Comparator 


line of diaphragm-operated | 
‘or automatic removal of con- | 


lines and systems includes | 


New internal thread comparator | 
measures from pitch line of any one | 


thread in “nut” to pitch line of two 
threads lying diametrically opposite. 


When set to basic ring gage, compara- | 


tor gives plus or minus deviations from 
basie pitch. Indicator reading is in 








| 





meet the 
newest 
member 
of the 


i IT SAVED $75,000 IN 
PIPING WITH A $5,000 
VALVE INVESTMENT** 













Pioneered by Farris Engineering 
Corp., embodying advanced engineering technics, and abso- 
lutely unique—although it is now being imitated—the patented 
BalanSeal is ideally suited for use wherever a collecting system 
is required for a series of safety-relief valves. It permits a higher 
downstream pressure—and consequently, smaller piping. Yes! 
The cost of a BalanSeal valve installation is a mere fraction of 
the savings effected in down-stream piping. (**In one case, a 
cost reduction of $75,000 resulted from a $5,000 investment in 
BalanSeal Valves.) 


In BalanSeal, the sole force opposing the opening of the valve 
is the spring. Downstream back pressure, static or surge, cannot 
act on the disc and has absolutely no effect on the relieving point. 





BalanSeal is the ultimate in safety-relief valve design and con- 
struction. The bellows, which also distinguishes the FarriSeal 
design, is so proportioned as to eliminate any unbalanced forces 
on the valve disc—which is perfectly balanced on its seat at the 
set pressure. Like all other FarriSeal Valves, perfect protection 
is provided for guide, stem and spring by completely isolating 
these parts from the lading fluid. 


Get the facts on the revolutionary BalanSeal Safety Relief 
Valve. Find out how you can cut installation costs to the bone, 
step up operating profits. Write for Bulletin No. 52B—it will 
pay off in AssURED safety and installation economy. 


o) 
SAFETY and RELIEF VALVES 


FARRIS ENGINEERING CORP. 
436 Commercial Avenue Palisades Park. N. J. 


“Patented and 
Patents Pending 








@ 767 
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Morch 


SPECIAL CHECK LISTS 


@ LUMINESCENT 
@ BLACK & WHITE 


@ MADE TO YOUR SPECIFICATIONS 


PRECISION 
INSTRUMENT 


ERVICE 


WE REPAIR, OVERHAUL 
AND STANDARDIZE LABORATORY 
AND PORTABLE INSTRUMENTS 


Our laboratory is equipped with new 
leeds & Northrup potentiometric stand- 
ardization equipment calibrated in 
terms of the Absolute units which 
were adopted internationally as 

of January 1, 1948. 


tandard Products 


650 EAST GILBERT e WICHITA, KANSAS 
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Dependable 





- HEILAND RESEARCH CORPORATION osnver, couo. 








Rugged 





HEILAND GALVANOMETERS 


of high current and voltage sensitivity are the heart of 
Heiland recorders. 

Heiland galvanometers are available in natural 
frequencies ranging from 32 cycles per second to 4700 
cycles per second. All galvanometers are electromag- 
netically damped with exception of those having nat- 
ural frequencies above 450 cycles per second; these are 
fluid damped. Permanent magnet assemblies are avail- 
able for mounting 2, 6, and 12 Heiland galvanometers. 


For further 
information on 
Heiland 
Galvanometers, 
Multi-Channel 
Oscillograph 
Recorders or 
Associate equip- 
ment, write or 
wire... 


130 East Fifth Ave. 











High Precision Optica, Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
6 
Parabolic, Spherical, Ellipsoidal 
and Plane Mrmrors 
e 
Plane Parallel PLaTes 
* 

SCHLIEREN SysTEMS 
e 
Interferometer PLATES 
e 
LENSES and Prisms of Glass 
. 

Natural or Synthetic CrysTaLs 
a 
Complete Optical and Mechanical 
INSTRUMENTS | 
e 
Made to Specifications 
« 

High Vacuum Coating 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 














tens of thousandths. Has 
plus or minus 0.003 in—Rimat age 
chine Tool Co., Glendale 1, Calif, § 







Mention No. 530 when filling out card, 









Concrete-beam Tester 


New gage reads flexural strength of 
concrete-beam specimens having 6 x & 
in. cross-section and 18-in. span, On 
division on dial indicates applied load 
of 120 lbs., which corresponds to flex, 
ural strength (modulus of rupture) af 
10 psi. Maximum flexural-strength ¢, 
pacity is 1250 psi. Total weight js 19; 
lbs. Molds for casting 6 x 6 x 91 ani 
6 x 6 x 36-in. specimens can be Collapse; 
for transportation.—American Ingtpy, 
ment Co., Inc., Silver Spring, Md. 






















Mention No. 531 when filling out card, 













Hydrostatic Pressure 
Generator 


New “aiROYmetric” pressure gen. 
erator develops hydrostatic test pres 
sures up to 25,000 psi., using ordinary 
plant air supply in pump cylinder, Ip. 
dividual units custom made for applica. 
























tions between 25 and 25,000 psi. Ca- 
pacities range from 4 to 405 gph. When 
a balance is reached between air pres- 
sure and corresponding hydrostatic 
test pressure, pump automatically stops. 
Double-ball check-liquid ends are non- 
clogging and self-cleaning—Milton Roy 
Company, 13802 E. Mermaid Lane, Phil- 
adelphia 18, Penna. 


Mention No. 532 when filling out card. 





Small Vacuum Pump 
New “Model CVM 3153” compound 
vacuum pump employs oil-sealed pump- 
ing system and has free-air displace 
ment of 2 cu. ft. per min. Designed for 





WANTED—Sales Engineers and Service 
Engineers for large industrial instru- 
ment manufacturer. Prefer Mechanical, 
Electrical or Chemical Engineers with 
few years industrial experience. Fine 
opportunity for young engineers with 
sales or service aptitudes to connect 
with one of the fastest growing indus- 
trial instrument companies in_ the 
United States. Locations: Seattle, 
Washington; Detroit, Michigan; Char- 
lotte, N. C.; and New York City. In 
addition to the above we desire services 
of two Sales Engineers who will ] 

located at our factory for an indefinite 
period of time but will eventually be 
placed in large industrial cities of the 
United States. For the latter positions 
we desire men who will be flexible in 
regard to transfers. Exceptional op- 
portunities for these two men who are 
willing to be sent on assignment any- 
where in the United States. Box 198, 
Instruments Publishing Co., 921 Ridge 
Ave., Pittsburgh 12, Pa. 
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York 5, 


Mentic 
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New 
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force. 
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2.5 in. 
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-hp. motor, base, and 
lbs. Produces McLeod- 
solute pressure readings of 0.1 
better—Kinney Mfg. Co., 
3529 Washington St., Boston 30, Mass. 


portability, the 74 


Mention No. 533 when filling out card. 





Stroboscopic Speed Indicator} 

New “Synchroscope” checks speed of 
synchronous-speed devices. Cold-cathode 
triode develops pulses of light at line 










frequency, which stroboscopically “stop” 
motion of synchronous-speed devices.— | 
Synchroscope Co., 57 William St., New 


Mention No. 534 when filling out card. 





Centrifugal Air Cleaner 


New line of “Airfuge” separators 
cleans compressed air by centrifugal 
arator available in 7 inlet 











and outlet tapping sizes, from 0.5 to 
: Separator removes 99 percent) 
of impurities from compressed air with- 
out pressure drop. 





Impurities are 





ACCURATE 





MEASUREMENT 



























OF LOW AMPLITUDES 












AT LOW FREQUENCIES 


Isolation and evaluation of vibration in ‘any 
of its linear directions becomes a simple 
matter with the Consolidated 4-102A Veloci- 
ty Pickup and its high-temperature counter- 
part, the 4-103. These instruments, highly 
insensitive to transverse accelerations, allow 
accurate determination of velocity in any 
linear direction, for their sensitivity does not 
change with orientation. When fixed to the 
machine or structure under test, their light 
weight (12.7 oz.) causes no material change 
of vibratory characteristics nor spurious 
damping. Patented spring suspension of the 
seismic mass completely eliminates friction, 
thus providing accuracy at extremely low 
amplitudes and frequencies, where ordinary 
vibration-measuring equipment often tends 
to stick. 


Consolidated 
VELOCITY PICKUPS 





For construction detail and operating principle 
of these CEC Pickups as well as description of 
indicating or recording equipment used with 
them, write for Bulletin 1507-X3. TOR- 
SIONAL VIBRATION may be measured with 
Consolidated 9-102 Torsiograph described in 
the same Bulletin. 





VELOCerY PieKuP 





designed, manufactured and sold by 


CONSOLIDATED ENGINEERING 


Cor poration 


Analytical Instruments for ff" Science and Industry 
300 N. Sierra Madre Villa cee} Pasadena 8, California 
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RECORDING 
GALVANOMETERS 


The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 


206. 


Manufactured under Century Pat. 
2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 





CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utice 
Tulsa, Oklahoma 


EXPORT OFFICE: 


149 Broadway, N. Y Philadelphia 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanometers 





1505 Race Street 
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| 




















whirled outward to the walls of unit 
where they drain down to trap section. 
Float-operated trap automatically re- 
leases accumulated liquids as they rise 
to level above sealing point.—Swart- 
wout Co., 18511 Euclid Ave., Cleveland 
12, Ohio. 


Mention No. 535 when filling out card. 





Air-gas Filters 


New “Liqui-jectors” deliver clean 
air or gas to pneumatic systems through 
liquid-impervious ceramic filters. Liq- 





uids and dirt ejected automatically; 
devices have no moving parts.—Selas 
Corp. of America. Erie Ave. & D St., 
Philadelphia 34, Penn. 


Mention No. 536 when filling out card. 





Mercury Cleaner 


New large-size mercury oxifier and 
filter has capacity of 150 lbs.; can clean 
up to 600 lbs. a day in 150-lb. batches. 
“Type-H” filter eliminates floating im- 
purities such as water, oil, dust and 
acid residue. Electric motor powers 
paddles which beat mercury into thick 


2“ 


spray for several hours. Base-metal 
contaminants coming in contact with 
air oxidize and form powder, which 
precipitates as dust and is removed by 
filter. Residual contamination is less 
than one part in a million. Oxifier 
weighs 250 lbs.; has 1%4-hp. motor oper- 
ating on 115-v., 60-cycle a-c. source. 
Filter weighs 40 lbs.—Bethlehem Ap- 
paratus Co., Front & Depot Sts., Heller- 
town, Penna. 


Mention No. 537 when filling out card. 





Ground-thread Thermowell 


New thermowell has thread of type 
used on finest gages.ground on by 
machine. Accuracy and surface finish 
ef thread make pressure-tight joint 





increasingly 
on 
air-borne 
equipment 











increasingly on 
industrial 
equipment 




















Manufacturers of a complete line of 
PRESSURE ACTUATED 
SWITCHES 


V MADHAE LL 


LORP ORATION 





950 NORTH HIGHLAND AVENUE 
LOS ANGELES 38, CALIFORNIA 
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Rubber 


New u: 
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packaging 
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t use of pipe dope or sealing 
nd—Karn Chemical Equipment 
Ave., Pittsburgh, 


withou 
u 
cms 18 Dickson 


Penna. 
Mention No. 538 when filling out card. 









Explosion-proof 
Solenoid Housing 


New explosion-proof solenoid housing 
or maker’s electrically-operated pilot- 





inm to UL specifications, 
Group D, Air Break Type. Provision is 
made for standard conduit connection. 
Ross Operating Valve Co., 120 E. Gold- 
en Gate, Detroit 3, Mich. 


Mention No. 539 when filling out card. 





Sync-signal Pickup 


New “Type 140” synchronization 
pickup consists of 20,000-turn coil 
wound around magnetized pole piece, 





A syne-pulse to CRO trigger sweep is 
formed when a small piece of steel. is 
moved past pole piece. Output pulse is 
double-ended and symmetrical, allowing 
synchronization on positive or negative 
polarity—Sterling Instruments Co., 
13331 Linwood Ave., Detroit 6, Mich. 


Mention No. 540 when filling out card. 





Rubberized-fibre Protective 
Packaging 


New use of “Texlite” rubberized 
curled hair and/or wool is protective 





packaging of delicate instruments and | 


Class I, | 


which protrudes 0.5 in. through case. | 


controlled valves is made of cast-alum- | 


















SETTER 
THAN EVER 


oh mm alo Me lala astolt= 
Tile lata- 


LORD 


MULTIPLANE 
MOUNTINGS 


ol aw View Olla-taitel a) 
WalelactifeliM aaehictaitels) 
































Lord Multiplane Mountings are now 
protected against attack from oil, gaso- 
line, cleaning solvents, ozone, and other 
enemies of rubber. 


The rubber flexing element is pro- 
tected by a thin, tough, elastic material 
which resists attack and prolongs the 
life of Multiplane Mountings under ad- 
verse conditions . . . an added value at 
no increase in price. 


This illustrates LORD policy—to 
produce the very best Quality 
BONDED-RUBBER (rubber-bonded- 
to-metal) parts possible. Through con- 
stant research new materials are investi- 
gated, new processes tested, and new 
methods developed to supply long- 
lasting vibration-control mountings for 
product improvement. 

Vibration control increases accuracy 
and improves performance of products 
. . . reduces maintenance . . . builds 
sales. Investigate Lord Vibration- 
Control Mountings and Bonded-Rubber 
Parts. Write to attention of Product and 
Sales Engineering Department. 


LORD MANUFACTURING COMPANY 
ERIE, PENNSYLVANIA 


Canadian Representative: 




























Railway & Power Engineering Corporation, Ltd. 









Vibration-Control Mountings 
... Bonded-Rubber Parts 





*Onnen Rvee™ 
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GALVANOMETER 
MODEL 
106-SS 


(SUPER-SENSITIVE) 


@ RECORDS FROM 
SOURCE WITHOUT 
AMPLIFICATION ... 


@ BALANCE TO 
LESS THAN .001" PER 
"G6" AT 12" OPTICAL 
DISTANCE. 


A Super-Sensitive galvanometer es- 
pecially developed by Midwestern 
for use in recording signals direct 
from source, without amplification. 
Because of its precision balance, it is 
especially valuable in applications 
where instruments are subjected to 
extreme vibration—such as in air- 
craft testing. No special shock mount- 
ing is normally required. 


The regular production model bal- 
ance of .003" per "G" is much better 
than any production models previous- 
ly offered. For special applications of 
severe vibration conditions this gal- 
vanometer can be balanced to less 
than .001" deflection per "G". Also, 
the “bow-string" effect, present in 
some degree in most galvanometers, 
has been practically eliminated due 
to a new suspension design. 


This galvanometer has individual 
circuits for both terminals of the ele- 
ments. Element tube O.D. is .187", 
and length is 2.062". It is used in 
Midwestern's magnet structure M-153. 
Center distance between elements, is 
.195". Characteristics of elements are 
shown below. 


Neminal D.C. Sensitivity Nominal 

Undamped  12’' Optical Galvanometer 

ss Natural Arm (Untamped) Resistance 
Type Frequency Ma/in. Ohm: 
1C6-1 100 0.005 35 
106-150 150 0.012 35 
106- 200 0.020 35 


Write for Bulletin Osc. 12-50-C 


AA AN AAA An nnn, 
MIDWESTERN 


GLOPHYS.CAL LABORATORY 





2803 W. 40th © Tulsa, Oklahoma 








[RRR EIS A MRE SR 
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costly equipment. Made of interlaced 
fibres of either hair or wool, rubberized 
and vulcanized into compact non-shred- 
ding material. Density range is from 
1.5 to 5 lbs. per cu. ft. Packing is 
moisture resistant and vermin cnd fun- 
gus proof. Available in 51 x 60-in. 
sheets and thicknesses of 0.75, 1, 1.5 
and 2 in. or multiples thereof. Die- 
cut shapes also offered.—Sponge Rub- 
ber Products Co., 471A Derby Pl., Shel- 
ton, Conn. 
Mention No. 541 when filling out card. 





Multiple-circuit Timer 


New multiple-circuit timer has a 
bank of s-p.d-t. micro-switches oper- 
ated by adjustable cams driven by a 








synchronous motor. Unit is available 
without motor, and for one-cycle oper- 
ation Zenith Electric Co., 152 W. 
Walton St., Chicago 11, Jil. 


Mention No. 542 when filling out card. 





Hermetically-sealed 
Electronic Timer 


New electronic timer is hermetically 
sealed in a sheet metal can 2.31 x 2.06 
< 3.13 in. Time intervals from 0.1 to 
10 sec. are factory preset. S-p.d-t. 
relay is rated 1 amp. non-inductive 
load. Unit operates from 105 to 125-v. 
360 to 1200-cps. power supply. Time 
cycle is started by a contact closure; 
an RC circuit discharges through a gas- 
filled tube to operate relay.—C. G. Wil- 
son & Co., 2 N. Passaic Ave., Chatham, 
Nod: 


Mention No. 543 when filling out card. 





Time-delay Relay 


New “Type TEC & TER” time-delay 
relay has differential-gear clutch motor, 
consisting of an internal-tooth plane- 
tary-gear system. When locked by brak- 
ing relay internal gear causes motor 
to drive output shaft. When braking 
relay is released, mechanism is instant- 





2.2 me. t 400 me. 


Frequency Accuracy +2% 


The MULTI-PURPOSE 
INSTRUMENT 


© For determining the resonant frequency of 
tuned circuits, antennas, transmission 
lines, by-pass condensers, chokes, coils, 
© For measuring capacitance, inductance, 


* i 





© For preliminary tracking and alignment 
of receivers. 

@ As an auxiliary signal generator; mody- 
lated or unmodulated. 

©® For antenna tuning and transmitter nev- 
tralizing, power off. 

© For locating parasitic circuits and spurious 
resonances. 

© As a low sensitivity receiver for signal 
tracing. 


And Many Other Applications 


FREQUENCY: MODULATION: 
2.2 mc. to 400 mc.; CW or 120 cycles; or 
seven plug-in coils. external. 
POWER SUPPLY: DIMENSIONS: 





110-120 volts, 
cycles; 20 watts. 


50-60 Power Unit: 5Y_” wide; 
6%" high; 7'2” deep. 
Oscillator Unit: 3%" 
diameter; 2’ deep. 





Write for Literature 
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et to start position by reset 
ob Relays provide adjustable or 
fixed time-delay between operation of a 
control circuit, and subsequent closing 
or opening of a load circuit.—The R. W. 
Cramer Co., Inc., Centerbrook, Conn. 


Mention No. 544 when filling out card. 





Synchronous-motor Timer 


New “Type SY Promatic” synchron- 
ous-motor timer controls time periods 
between 0.5 sec. and 24 hrs.; actuates 
five s-p.d-t. load contacts independent 


ase 





of the timer-control circuits. Has two 
solenoids, one for clutch and timing 

















mechanism, one for load contacts. Re- 
sets automatically for each cycle. Pre- 
set interval and elapsed time are both 
visible on 3.38-in. dial. Available for 
115 or 230 v. a.c—General Control Co., 
Boston 34, Mass. 


Mention No. 545 when filling out card. 





Multi-cam Timer 


New multi-cam recycling timer has | 


a group of cams, which operate snap- 
action switches, mounted on a single 
shaft driven by a synchronous motor. 





Percentage calibrations on each cam 
face permit individual adustment for 
ON and OFF periods ranging from 2 
to 98 percent of time cycle. Nine models 
are available, with time cycles from 1 
rev. in 40 sec. to 1 rev. in 72 hrs.— 
Industrial Timer Corp., Newark, N. J. 


Mention No. 546 when filling out card. 


Friez 


Model 185 Hygrodial 
Precision Humidity and 
Temperature Indicator 
Hoir-operated and calibrated to 
professional standards of accuracy 
by the maker of the world’s finest 
weother instruments. Handsome, 
| modern case—4” high, 52” wide, 
| 154” deep. 





| 
| 
| 
| 





Model 594 


Hygrothermograph 
The foremost relative humidity re- 
corder for laboratory, factory, and 
office use. Scientifically designed 
for accuracy and dependability. 


Model 550 
Sling Psychrometer 


Manufactured to U. §S, 
Weather bureau specifi- 
cations. Thermometers 





TO CHECK RELATIVE HUMIDITY REMEMBER 


Bendix MAKES the RIGHT INSTRUMENT 


at the RIGHT PRICE for EVERY JOB! 


Model HA/2 
Hand Aspirated Psychrometer 
Accurate readings obtainable with- 
out special skill. Psychrometric 
readings can be taken at any 
point desired however inaccessible. 





Model 573 

Motor Aspirated Psychrometer 
Designed to determine wet and 
dry bulb temperature with labora- 
tory accuracy—Motors supplied for 
use on 115 V., 50 cycles or 60 cycles. 


graduated in 1° increments 


from —20° F to +120° F, 
dr —35° C to +49° C, 





HYCOR 


Decade-Inductor uni?’ 











SUnset 3-3860 
















Model 160 
Portable Humidity and 
Temperature Recorder 

3” x 5” charts, 10 or 30 hour 

records. Modern design...handy for 


small space and difficult locations 
« «» built to meet unusual conditions. 





Model S/1 
Pocket Sling Psychrometer 
A small, low cost instrument. 
Thermometers graduated in 1° 
increments from +35° F to 
+110° F, Furnished complete with 
case and psychometric slide rule. 


FRIEZ INSTRUMENT 


DIVISION OF 
1308 Taylor Avenue 
Baltimore 4, Maryland 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 
72 Fifth Avenue, New York 11, N. Y. 


@ HYCOR DECADE — INDUCTOR units are 
indispensable for design and experimen- 
tation work on audio filters. 


@ The units are available in four ranges up 
to 10 henries. Units may be used indi- 
vidually or all four may be connected in 
series to obtain 11.11 henries in 1 milli- 
henry steps. 

@ Toroid coils are used to obtain high “Q”, 
stability and low pickup from external 
fields. Inductance accuracy is 2%. 


Send for bulletin D 


Manufacturers of Toroid Inductors, Decade Inductor Instruments, 
Wave Filters, Resistive Networks, and Precision Resistors 


HYCOR COMPANY, 


11423 VANOWEN STREET, NORTH HOLLYWOOD, CALIFORNIA 





INC. 


























TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 






so 


SEND FOR 
BULLETIN 
945 












HERE'S AN 


SPECIALTY 


COMPACT 
RUGGED 
PRECISION BUILT 
FRACTIONAL H. P. 
ELECTRIC MOTORS 
1/1000 H.P. to 1/4 H.P. 


For 25 years, OSTER has specialized 
in building fractional H.P. motors to 
meet specific requirements. OSTER is 
unsurpassed in engineering, tooling, 
and assembly of electric motors up to 
6” maximum O.D. of the following 
types: 

Direct current—6 volts to 220 volts 
Universal motors—6 volts to 220 volts 


Induction motors—conventional 
voltages 

Shaded pole motors—conventional 
voltages 

400 cycle motors of the smaller sizes 


Also precision electro mechanical 
assemblies 

In several fields of fractional H.P. 
motor use, OSTER is the world’s larg- 
est producer—electric barber clippers 
and massage instruments, for exam- 
ple. OSTER electric housewares, in- 
cluding food mixers, knife sharpeners, 
and hair dryers, because of their out- 
standing design and efficiency, are 
currently national best sellers. 

All this OSTER experience and pre- 
cision workmanship, plus the consid- 
erable volume of fractional H.P. elec- 
tric motor production, assures you a 
reliable source for motors of depend- 
able performance. For full informa- 
tion as to how OSTER 
can serve your special rs 
motor needs, write, 
wire or telephone. . . 


JOHN OSTER 


MANUFACTURING CO. 
RACINE, WISCONSIN 
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| 


| supply, 


Interval Timer 


New interval timer has ranges from | 


1 to 60 min. available. Setting knob 


| is directly connected to switch-oper- 
| ating cam. Motor operates on 115 v. 


50 to 60 cps.; switch is rated 1000 watts 
non-inductive load. Unit is available 
for surface or panel mounting.—Zenith 
Electric Co., 152 W. Walton St., Chi- 
cago 10, Ill. 


Mention No. 547 when filling out card. 





Voltage-regulated Power 
Supply 


New “Model 815” has regulated B- 
regulated C-supply and un- | 


regulated filament-supply. B-supply is 


continuously variable from 0 to 600 v., | 


delivers 0 to 200 ma. Voltage variation 


| is less than 0.5 percent for line fluc- 


tuations from 105 to 125 v. and for | 


load variations from 0 to 200 ma. Rip- 
ple is less than 5 mv. C-supply is 
variable from 0 to 150 v., delivers 5 


ma. A-c. output is 6.3 v. 10 amp., cen- | 


| ter-tapped.—Kepco Laboratories, Inc., 


149-14 41st Ave., Flushing, N. Y. 
Mention No. 548 when filling out card. 





Pressure Cells 


New “Type-E” pressure cells are in- | 
sensitive to linear acceleration and po- | 
Capacities are 10, 20, 50, and | 


sition. 
100 lb. per sq. in. Operation is based 
on SR-4 strain gage with four-arm 
Wheatstone bridge. 


pressure, except in 10-lb. unit for which 
range is plus or minus 10 lb. per sq. 





Measuring range | 
from absolute vacuum to full-rated | 


Furnace Atmosphere 


% 


SORnDON 
ethan 
UiNACE SIMO MER: INDICATOR 


* 


You'll Always 
Know with a 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere Indica- 
tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so that 
quick necessary adjustment can be made. 
It works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the rela- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technical 
personnel. 

Where a continuous record of atmos: 
phere readings is required, the indicator 
can be co-ordinated with a recorder. 

You can't afford to be without this in- 


strument any longer. 

Price, complete with U-tube 00 

and Sample Filter, 110 V, 60 C, $335 
Write for descriptive bulletin 

for full information. 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies * Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Machines 
Dept. 21, - 3000 som a St., rlond 14 16, I. 
me. 21, « 2035 , Cle , Ohio 
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jn, Cells are designed for standard 
120-ohm circuit. Recommended input is 
5 v. Cells are temperature compen- 
sated. 
Lima-Hamilton Corp., Philadevphia 42, 
Penna. 


Mention No. 549 when filling out card. 





High-power Triode 
New air-cooled transmitting and pow- 
er triode has plate dissipation of 45 
kw. and weighs 66 lbs. Tube uses ra- 
diator fins and air-flow chamber. Pro- 





duces output of 108 kw. at 15 me. and 
operates to 30 mc. Max. plate voltage 
is 13,500 v.; max. plate current is 12 
amp.—Amperex Electronic Corp., 25 
Washington St., Brooklyn 1, N. Y. 


Mention No. 550 when filling out card. 





High-temperature 
Soft Solder 


New “No. 50” alloy solder is composed 
of lead, tin, and indium. Melting point 
is 600 F. and a high degree of wetta- 
bility is claimed. Holding strength is 
3500 psi. and tensile strength 5200 psi. 
Both acid and rosin fluxes can be used; 
solder is available in wire, bar, and 
ribbon form.—Soldering Specialties, 
Summit, N. J. 


Mention No. 551 when filling out card. 





Honey Refractometer 


New refractometer determines mois- 
ture content of honey; requires only 
few drops of honey sample for examina- 
tion. Scale covers range from 12.5 to 
27 percent moisture and thermometer, 
graduated in percent of moisture, is 


attached to instrument for temperature | 


correction.—Bausch & Lomh Optical 


Calibration accuracy is within | 
025 percent of full scale.—Baldwin- | 





| 





no 


AN ECONOMICAL INVESTMENT IN 
LONG-LIFE PERFORMANCE AND 
RUGGED, FOR 
HEAVY-DUTY SERVICE: FLEXIBLE IN 


EXTREME ACCURACY. 
APPLICATION. 


Scale 


Model q Divisions _ 


1 10 sec 


1 100 sec 


Standard 







1 1000 min. 10 min. 


60 sec 


1 1000 sec. | .360 sec 
MST-500|1 1000 sec. | 30 sec. 





Write for Timer Bulletin 153 
Other Products: Chrono-Tachometers, Custom-Built 
Laboratory Test and Distribution Panels 


TH Stqndard Electric Time Lo. 


93 Logan Street 


Springfield, Mass. 


FOUNDED 1884 





other 


tape aa 2 


Co., 685 St. Paul St., Rochester 2, N.Y. | 


Mention No. 552 when filling out card. 





Tensional Load Cells 


_ New “Type P” load cells for measur- 
Ing forces in tension only have load 
capacities of 10,000, 20,000, 50,000 and 
100,000 lb. Other sizes made to order. 
Cells use SR-4 strain gages bonded 
to load-carrying shaft. Accuracy of 
measurement is 0.25 percent of rated 
capacity. Cells are temperature and 
modulus compensated and _ relatively 
impervious to moisture and dirt by 
O-ring seals.—Baldwin-Lima-Hamilton 
Corp., Philadelphia 42, Penna. 


Mention No. 553 when filling out card. 


SOLD BY... 














to 40,000 cps at 30 inches 
per second tape speed 

e 
to 15,000 cps half-track at 
71/, inches per second tape 
speed 


AMPEX ELECTRIC CORPORATION 


San Carlos, California 


BING CROSBY ENTERPRISES, INC.,Hol 

AUDIO-VIDEO PRODUCTS CORP.,New York City 
GRAYBAR ELECTRIC CO.,All Principal Cities 
TERMINAL RADIO CORP., New York City 
















ENGRAVER 
Proved Profitable — 


Machine Tool, Radio, Electrical 
and Instrument Mfrs., Sales Pro- 
motion and Advertising. 





Fast, rugged, convenient—and inexpensive. 
The Green Engraver is tops for low-cost per- 
formance—zips out precision work on metal, 
plastics or wood . . . cuts four lines of letters 
from 3/64” to 1” on curved or flat surfaces 

. operates by tracing . . . makes anyone 
an expert... engraves panels, name plates, 
scales, dials, molds, lenses and instruments. 
(Also widely used for routing, profiling, and 
three dimensional modeling.) Electric etching 
attachment available. 


Special attachments and engineering service 
available for production work. 


FREE—Fact-packed folder. Send for yours, 


today. 
GREEN INSTRUMENT CO. 


383 Putnam Avenue 
Cambridge, Mass. 
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WHERE ACCURATE HUMIDITY 

INDICATION IS A REQUISITE — 

THERE IS NO SUBSTITUTE FOR 
SERDEX 


Type HGS —HY1 


Laboratory 
Model 
(+ 1.5% R.H.) 


LABORATORY MODEL — is in general use in 
laboratories — Ma Flight Industrial Plants 
— Federal — Medical and Professional Serv- 
ice. Serdex HGS-HY1 is the accepted leader 
in this field of measurement. 

ACCURACY — within +1.5% at Relative 
Humidities ranging from 15 % to 95 % at tem- 
peratures from +32° F to +130° F 
SENSITIVITY — heretofore unattained — re- 
sponse almost instantaneous, 
REPEATABILITY — day in and day out — re- 
quires no conditioning — no piping — no 
wiring. 


DIRECT DIAL READINGS — no correction 

charts — no calculations — services of trained 

technician not required. 

SIZE — 4% x 4x 3” — weight — 11 ounces. 
PRICE $45.00 delivered — U.S. A. 


STANDARD MODEL — This ew model was 
brought out January 1, 1951 and is identical 
in all respects to the Laboratory Model — 
except the degree of accuracy, which is 
warranted as +3% R.H. Ideal for general 
use where higher order of accuracy is not re- 
quired. Price $30.00 delivered — U.S.A. 


HYGROTHERMOGRAPH 


Accurate within + 1° F over range of 0° F to 100° F. Hygrometric 
section — accuracy + 3% — ultra-sensitive — low lag. Price $250. 


Catalogue of complete line of instruments, with 


specifications, sent upon request. 


Serdex instruments warranted; unconditionally, for 1 year. 


gum SERDEX, INC. tcson uss, 





BURLING 


TEMPERATURE 
LIMIT SWITCHES 


NO 
LiQuiDs 
] 


NO 
GASES 


MODEL E 
only | light-weight moving | 
part. Available with 1,'2 or 
3 switches. 


Literature 
on 
Request 
As a 3 switch model, Burling Model E is recommended 
for use (a) where load is divided into 3 parts, (b) 
where 1 switch is used for controlling, one as a high 
limit, one as a low limit, (c) to give definite stops or 
position to a 3 or 4 position diaphragm motor, (d) t 

give 3 speed control of variable speed motor. 
Accurate, rugged, dependable. Corrosion and heat re- 
sisting tube. Dial pointer for easy setting. Locking 
screw locks temperature setting. Increased adjustable 
range to 700-1000°. Dimensions: 7%” x 2 x 3%”. 
Vapor tight base and cover with gasket available at 
slight extra charge. 
INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


Making Precision Controls fer over 13 years 


BURLING INSTRUMENT CO, 
5 VOSE AVENUE 
SOUTH ORANGE, NEW JERSEY 
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and WATER TESTS 


NONTADING 
GLASS COLOR STANDARDS 


Permanent reliability of Hellige Glass 
Color Standards and accuracy of 
color comparison are exclusive 
features of Hellige Comparators. 


Write for NEW. Catalog No. 600-10 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 








| subject. 
| statement, herewith, that some form of 





[CovER FEATURE] 


This new unique control and indicat. 
ing board was designed by Dow engi. 
neer, J. H. Meserve, and is installed jp 
the new South Power Station, Midland 
Mich. The upright board contains th 
recording and indicating instrument, 


| for two cyclone boilers and the consol 


board in the foreground contains th 
controls for the combustion contro 
system and the upright of the consol 
contains the auxiliaries for the tw 
boilers. On the back of this board js 
incorporated the indicating board fo 


| the turbine also the control and indicat. 
| ing board for three reducing stations, 
| The turbine board in the picture is ; 


double extraction automatic back pres. 
sure turbine 1250 psi. 900 F. to 25 psi, 
Extraction pressures are 425 psi. ani 


| 165 psi. Control board was fabricate 
| by Falstrom Company, Passaic, New} 
| Jersey. 


SORTING MIXED METALS 
Continued from page 527 


| energy escapes in the form of photons 


of radiant energy. 


Roughly speaking, the difference 


| value between the attained energy andi 


the original energy, which is a fune- 
tion of the nature of the atom as well 


| as the degree of excitation, determines 
| the radiant frequency of the photons 
| reaching the entrance slit of a spectro- 
| graph. The 
| by the spectrograph must in turn be 


radiant energy received 


dispersed and discriminated by an op- 
tical element such as a prism, inter- 


| ferometer plates or a diffraction grat- 
| ing and then measured as to magnitude 


as well as frequency—both conditions 
being indicative of the kind and amount 
of alloying elements present in the 
parent sample. Thus, each element 


| earries with itself its own unmistak- | 
| able fingerprint (Fig. 13). 


A detailed discussion of the tech- 


nology of spectrum analysis work would | 
| be far beyond the scope of this paper 
and redundant in the face of many | 


texts and hundreds of excellent papers 
covering every industrial phase of the 
However, we make the bald 


spectrochemical equipment will be 
found to be the ultimate answer to all 
of the analysis problems of the metals 
industry—including those dealing with 
the determination of metalloids, com- 


pounds, gases and other currently ob- 


stinate spectrographic problems. 
During the past fifteen years the 
large spectrograph has stepped down 
from its lofty perch in the research 
laboratory onto the melting house floor. 


In this it has been assisted not only | 


by scientists, engineers and technicians, 


but mainly by far-sighted, economics | 


minded businessmen; for the price of 
development in industrial spectrum 
analysis equipment comes high. Let 
us hope that our “white-haired boy” 
will be assisted eventually into the mi¢- 
dle of that rusty pile of mixed billets 
out behind the gas house. That day 18 
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Some Primary 
DYNAMIC RESPONSES 











idicat. The transients initiated by specific stimuli, like a common 
- engi. serve to relate and identify dynamic structures among 
led ; } ies which are otherwise diverse. 

: ed in Under transformation of the variables, how many different 
dland, d by the below? 





, re repre | 
Jn this case the ordinate scale is ten volts; the unit for the, 
concurrent time abscissae is 0.0004 seconds. 
UPPER FIGURE IS eer ts 
STEP-FUNCTION USED 
4S STIMULUS. BELOW 
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: BOUNDED 
ctro- FIRST DERIVATIVE 
eived The above oscilloscope photographs are unretouched. Each 
n be response was computed periodically by a simple combination of 
10 GAP/R. Electronic Analog Computor Components. Phenomena 
p- of any complexity, non-linear as well as linear, may be embodied 
nter- and represented in this manner. Quantitative studies are speedily 
rrat- pursued through the use of this ultra-modern tool of synthesis. 
itude 
tions 
ount Typical GAP/R 
the 
Computor Component 
ment 
take | Employed for the direct adjustment of local sensitivity in 
analog assemblies. Outputs are plus and minus the input signal 
multiplied by the numerical dial setting (0-100). 
; \- 
= Model K3-C Coefficient Component 
piper Limit indicator 
lany 
pers Identifying letter Cast aluminum case 
the 
bald ee 
Special scale 
n . (central value unity) 
) all 
tals 
with Positive output signal jack 
0M- 
ob- § 
i Input signal jack 
the 
wi Negative output signal jack 
oor. This component is one of a dozen similar types which are 
nly available from stock. Each performs a specific dynamic or 
mathematical operation, and is specially engineered to play its 
ans, part most efficiently in any puting blage. C i 
nics © to use, economical to buy, and of wide applicability, our GAP/R 
; of Analog Computor Components are now assisting study and de- 
velopment programs in many different fields. Is it not probable 
‘um they can help you too? 
Let Send your computing plans and problems to us 
oy for recommendations. 
rid- GEORGE A. PHILBRICK RESEARCHES, iNC. 
lets 230 Congress St., Boston, Mass. 
r is ANALOG COMPUTORS FOR RESEARCH & DESIGN 














ONLY 


MASONEILAN 


12,000 Series Liquid Level Controllers 


We Sou AU hese 







Mode! 12400 
Proportional Control 





Model 12620 
Pneumatic Transmitter 














Adbiameges 


Nowhere except in the Masoneilan 12,000 
Series Variable Displacement Level Control- 
lers will you find such a wide choice of essen- 
tial characteristics. 


Wide Variety of Controller Types 
Proportional controller, proportional plus reset 
controller, pneumatic transmitter, two-position 
differential gap controller, three-position pneuma- 
tic signal switch; duplex types — proportional con- 
troller and pneumatic transmitter, proportional- 
reset controller and pneumatic transmitter, propor- 
tional controller and pneumatic signal switch (and 
other combinations as required). 


Selection of Mountings 

Two internal mountings—top or side vessel flanged 
connection; eight external mountings — displacer 
chamber with screwed or flanged connections 
arranged for best adaptability to a variety of vessels. 
Right or left hand instrument case mounting. 


Selection of Torque Tube Materials 

Selection of torque tube assembly material best 
suited for the application. Standard is Inconel. 
Monel, Type 316 Stainless Steel, or Phosphor 
Bronze also available. (Materials offered subject 
to availability during shortages.) 


Available in Many Ranges 

12,000 Series Level Controllers are available in 
many standard ranges — 14 and 32 in.; 4, 5, 6, 7, 8, 
10 and 15 ft. Other ranges can be supplied for spe- 
cial applications. 


Meet Great Variety of Applications 

Typical applications include level in fractionating 
or crude towers, accumulators, separators, sumps, 
chillers, feed water heaters, settling tanks — many 
other applications. 




















Top and Bottom 
Screwed Connections 


New York ¢ Syracuse ¢ Chicago « 
Houston e Pittsburgh « Atlanta « Cleveland ¢ Cincinnati « Detroit 


ee 
MASONEILAN 
ee 





MASON-NEILAN REGULATOR CO. 


1210 ADAMS STREET, BOSTON 24, MASS. 


Sales Offices or Distributors in the Following Cities: 
St. Louis ¢ Tulsa ¢ Philadelphia 


San Francisco « Salt Lake City « El Paso « Boise » Albuquerque 
Charlotte, N. C. « Los Angeles « Denver « Appleton, Wisconsin 
Mason-Neilan Regulator Co., Ltd., Montreal and Toronto 
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PRECISION 
INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 


CLEAN YOUR MERCURY 


... Fast and Efficiently 
r 


Bethlehem 
Mercury Oxifier 


Type "'F'' 
Mercury Filte- 
With this combination you can scien- 
tifically clean mercury to the most ex- 
acting standards. The type "F’ Filter 
effectively removes floating impurities 
and acid residues. The Oxifier re- 
moves dissolved base meta!s. Although 
either can be used separately, it is rec- 
ommended they be used as a unit for 
maximum efficiency. Both are avail- 
able in smaller and larger sizes to 
meet all requirements. 


Prices $80. to $725. per set. 
Write today for details 


Bethlehem Apparatus Co. 


887 FRONT ST. HELLERTOWN, PA. 
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ACRAGAGE 


PNEUMATIC 


© Greater 
Capacity 


® A Cinch 
to Service 


“The Solid Front Acragage 
and the 
Moore Transmitter” 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


PNG ON CT NC] a OF 


MILFORD, CONN. 


not far away: as a matter of fact it 
is here already in some respects, - 
The Ford Motor Company has Dio. 
neered not only in the industria] ap. 
plication of the large spectrograph fq 
routine “heat” analyses but also in the 
design and operation of their remart. 
able motorized laboratory. A pape 
describing this laboratory was pr. 
sented in 1948 by its designers, Henny 
A. Tuttle of the Chemical & Metallurg 
cal Research Department and George 
A. Nahstoll of the Chemical Engineg;. 
ing Department, and should be treatej 
as a catechism by the metals industry, 
Tuttle and Nahstoll drive the Motor. 
ized Laboratory around to locations ¢ 
mixups in a Ford panel delivery truck 
—hauling no less that the following 
equipment: A work bench, a set of 
selected chemical spot test kits, ap] 
paratus for color carbon, a high-spce 
grinder and hood for spark testing # 
Brinell, Rockwell and Scleroscope hari. 
ness testers, a magnetic plating-thict. 
ness gage and a semi-portable spectro. 
scope of the precalibrated, small-prisn 
type. A 3-kw. generator mounted i 
the cab of the truck furnishes the spec. 
trograph source power. All other equip. 
ment can be powered either by plugging 
inside the truck or by reeled extension; 
at some distance from the truck. 
At present, the semi-portable spec. 


trographic instruments are all of thee 


type which depend upon the visual 
acuity of the operator. That is, spec. 
trum lines of the sought-for elements 


are selected, recognized and compared § 


with known standard lines, principally 
those of the iron spectrum in steel 
work. This is done in a visual field. 
The next step, it would seem, should 


be toward the development of relatively § 


small, portable “direct readers” which 
employ phototubes and panel instru- 
ments to indicate or record the analysis 
of a sample. 

But the instrument itself is not the 
only problem; the sample excitation 
source, which is currently a d-c. are 
or a high-voltage spark, is not only 
complicated and not too reproducible 
except under carefully controlled con- 
ditions but can be fatally dangerous to 
operating personnel. The development 
of these problems into a well inte 
grated and easily managed instrument 
will be just as costly, in spite of the 


background of good work from which 


we can draw, as that of any other 
major step in spectrographic equip 
ment. Fortunately, however, associated 
fields of technology have uncovered 
several fundamentally sound _possibil- 
ities to employ in our aim to reach the 
ultimate goal of a “direct reader” spet- 
trograph in a suitcase. 


So now we can make mystic passes 


with impunity and our magic wands 
wax hot in many plant; our magicians 
are erudite and industrious and, in a 
least a few cases, have stages which ale 
all their own. But we call for mort 
magic—impromptu magic—for which 
the props are not yet built. 

There are times when the only words 
to describe the situation are those o 
Mortimer Snerd: “Well—that’s the 
way it goes!” 


7... a oe. eee ee ee ee ee ee ee ee a Oe ee ee 
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PHYSICISTS 
AND 
SENIOR RESEARCH 
ENGINEERS 


POSITIONS NOW 
OPEN 


Senior Engineers and Phys- 
icists having outstanding aca- 
demic background and ex- 
perience in the field of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 

Applied Physics 
Gyroscopic Equipment 
Optical Equipment 
Computers 

Pulse Techniques 

Radar 

Fire Control 

Circuit Analysis 
Autopilot Design 

Applied Mathematics 
Electronic Subminiaturi- 
zation 

Instrument Design 
Automatic Production 
Equipment 

Test Equipment 

Electronic Design 


Flight Test Instrumenta- 
tion 


are offered excellent working 
conditions and opportunities 
for advancement in our Aero- 
physics Laboratory. Salaries 
are commensurate with abil- 
ity, experience and back- 
ground. Send information as 
to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 
Box No. R-4 
12214 South Lakewood Bivd. 
Downey, Californie 











INDUSTRIAL 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 


MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph was designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 


and maintenance. 


FEATURES: 

Size: 20" long, 12%” wide, 8%” high. 

Weight: 60 pounds. 

Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 
controlled electric motor with separate mo- 
tor for takeup drive. 


Paper speeds continuously and instantly var- 
iable without changing gears or sprockets. 


MODEL 
409 
OSCILLOGRAPH 


Separate optical system for viewing before 
or during recording. 


Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 
remaining in magazine. 

Automatic record length control. 

Trace identification. 

Remote control unit. 


The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 


subjected to accelerations up to 20 G's. 
FEATURES: 

Size: 5” x5” x11”. 

Weight: 11 pounds. 

Cast Aluminum case. 


Paper speeds variable 12” to 12” per second. 


Detachable daylight loading magazine with 
a capacity of 35” x 50’ paper or film. 


2 to 12 individual channels. 
Trace identification. 


Trace viewing. 


For Complete Information Write 1340 North Utica 


4 GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 Race Street 
Philadelphia, Pa. 


EXPORT QFFICE: 
149 Broadway, New York 








. 
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ENGRAVING * PROFILING 
VERTICAL MILLING 


WITH THE 





DIALS 





CAMS e DIES 


TRACER- 
GUIDED 
FOR 
UNSKILLED 
LABOR 


e PANELS 


Write for literature describing: 
1. Heavy Duty Engravograph 
(illustrated) Catalog H37 


2. Portable Engravograph 
Catalog IM37 


NEW HERMES, ine 














PAPER 
CORDAGE 
RUBBER 
LEATHER 
WIRE 





AMTHOR 


TENSILE STRENGTH 


TESTERS 


PAPER FOLDING ENDURANCE TESTER’ 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
— been TESTER 
















FLAT MATERIALS ili 


EIGHT 


mess GAUGE TESTER 


METERS 


TACHO 
INDICATING and RECORDING 
MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO., INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 
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INSTRUMENTS 
ON THE MARCH 


Wide-range R-f. Micropotentiometer 


WASHINGTON, D. C.—Extremely 
simple devices which produce r-f. volt- 
ages at a very low impedance and at 
a wide range of frequencies have been 
conceived and developed by M. C. Selby 
of the National Bureau of Standards. 
Known as “r-f. micropotentiometers,” 
they provide accurate voltages from 1 
to 10° microvolts without the use of 
attenuators at frequencies above 300 
me. Thus, convenient standards of low 
voltages are made available which 
should greatly reduce equipment and 
shielding problems encountered in cali- 
bration of present-day commercial volt- 
age generators, attenuators, voltmeters, 
and other r-f. equipment. 

The micropotentiometers should prove 
especially useful in measurements of 
radio-receiver sensitivity. The large 
disagreement between various voltage- 
generators at high frequencies and low 














voltage levels has been due to three 
major causes. First, generator output- 
impedance and receiver input-imped. 
ance are not ordinarily known as fune. 
tions of changing frequencies, Second, 
extreme care is necessary in using pre. 
cision voltage-dropping attenuators, 
Finally, the long-time calibration stabil. 
ity of vacuum-tube voltmeters is yp. 
certain. For these reasons, manufac- 
turers of voltage generators have not 
been able to guarantee the accuracy 
of their equipment at all frequencies, 





Development of the micropotentiom- 
eters now appears to have removed 
most of the obstacles to standardization 
of receiver sensitivity. 

The new instruments consist essenti- 
ally of current-carrying elements with 
means for monitoring the currents they 
carry. Electrical constants are deter- 
mined from the known direct-current 








Torquemeter on Aircraft Test Stand 


PHILADELPHIA, Pa.—Measuring 
torque without taking power from the 
drive shaft, Royal Dutch Airlines takes 
this and other test measurements to 
correct performance of the _ super- 
chargers that pressurize its airplane 
cabins when flying at high altitudes. 

The supercharger (left) is driven 
through a gear box (center) and a 
variable-speed hydraulic transmission 
by a 150-hp. electric motor. Between 
gear box and transmission is a Baldwin 
Torquemeter incorporating SR-4 re- 
sistance-wire strain gages. Torque is 
recorded in inch-pounds on a _ panel- 
mounted instrument. 

This method of measuring torque was 


made possible by bonding special SR-4 
strain gages to a short length of shaft 
so as to form an electrical Wheatstone 
bridge. The corners of the bridge are 
connected through slip rings on the 
shaft to stationary brushes in the case 
which is kept from rotating by a 
bracket bolted to base of gear case. 
Royal Dutch Airlines has installed 
what is believed to be the first com- 
pletely automatic, universal test stand 
at the Schiphol airport near Amster- 
dam, Holland. The installation was 
made to overcome the limitations aris- 
ing from operating several thousand 
miles from the American factories that | 
manufacture the airplanes used. 




































































Torquemeter on aircraft test stand. 






Lo: 


Unusu: 
namici 
Desigr 
ists in 
ing. Er 
craft r 
trainin 


Re 


Long-1 
fine c 
in aire 
Transp 
ing tir 
with e 


Pleas 
educ 


reply 
Engi 





| 











wanted af once 


out | | LONG-RANGE MILITARY 








iped- 

| | AIRCRAFT PROGRAM 

pre- 

tors, by 

ae, NORTH AMERICAN 

un- 

fac. AVIATION, INC. 

i not . s 

racy Los Angeles, California 

cies, 

‘iom- ‘ 

oved Columbus, Ohio 

ation 

enti- Unusual opportunities for Aerody- 

with namicists, Stress Engineers, Aircraft 

they Designers and Draftsmen, and special- 

eter- ists in all phases of aircraft engineer- 

rent ing. Engineering skills other than air- 

<a craft may be adaptable through paid 
training program. Also openings for 

ss Recent Engineering College 

= and Technological Graduates 

tone 

are 

the Long-range military program offers 

case fine chance for establishing career 

y a in aircraft while aiding defense effort. 

. Transportation and.established train- 

illed ing time paid. Salaries commensurate 

me with experience and ability. 

iter- 

was 

ris] | Please include summary of 


that | |) education and experience in 





reply to: 


Engineering Personnel Office 


Section 9 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles International Airport 
Los Angeles 45, Calif. 
or 
Columbus 16, Ohio 























pressure applications 
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HEISE GAUGES 


STANDARD OF THE WORLD 


Tue crorce of Bourdon tubes used in Heise Gauges is governed 


by pressure medium and pressure range. An infinite number of 


Bourdon tube designs is available to meet exacting requirements 


for accuracy and stability in many pressure media, including 


mercury. 


There are no stock gauges. Every Heise Gauge is manufac- 
tured on special order. Ranges: 0-15 to 0-10,000 psi. Sizes: 814”, 
12” and 16”. Prices: $151.60 to $211.20. Gauges for use with 
mercury are $20.00 extra. Write for catalog. 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut 









42" butterfly valve with oil-operated 
cylinder and counterweight for 200°F 
service, 



































30°’ butterfly 
valve for 60 p.s.i. 
Pressure, with 
Limitorque motor 
control and auxil- 
iary handwheel, 
position indicat- 
ing lights and 

push button. 








W. S. ROCKWELL CO. 












Provide Automatic Flow 
Control and Quick Shut-Off 
of Air, Gases, Steam, Liquids, 
Semi-Solids. 


A complete line of Rockwell Valves of 
any metal or rubber-lined; in pipe size to 
72” and larger; with any type of automatic 
control and with auxiliary manual con- 
trol, if desired. 

We also manufacture manually controlled 
butterfly valves and slide valves in all 
sizes, metals and types for pressures to 
100 p.s.i. 

Write for Valve Catalog and ask to be put 
on our mailing list to receive “Rockwell 
Valvings” monthly. 






264 Eliot St. Fairfield, Conn. 
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The Hathaway SC-16A Six Element Recording Cathode-Ray 


ial designed for recording fast transients and con- 


bL 
o 


of its unusually high frequency response and high chart speed. 
Note these unusual features: 


, brings you new highs in resolution because 





FREQUENCY RESPONSE 0 to 200,000 cycles per second « RECORDS up 
to 1000 ft. long at speeds up to 600 inches per second « RECORDS up to 
10 ft. long at speeds up to 6000 inches per second « WRITING SPEED 
as high as 5,000,000 inches per second « SIX ELEMENTS with interchange- 
able lens stages for 1, 2, 3, or 6 traces on full width of chart « INTER- 
CHANGEABLE RECORD MAGAZINES for continuous recording or short 
record of fast transients « PRECISION TIMING tuning fork controlled 
QUICK-CHANGE TRANSMISSION for 16 record speeds e AUTOMATIC 
INTENSITY CONTROL ¢ CONTINUOUS SWEEP OSCILLATOR. 





Exposed view and functional diagram of r-f, 
micropotentiometer. 


voltages and currents. The current 
carrying elements are annular mem- 
branes, either metallic or nonmetallic, 
of various radii, thicknesses, and elec- 
trical resistivities. Monitoring may be from th 
accomplished by means of thermocou- output | 
ples, thermoelements, bolometers, stable § — 
vacuum-tube voltmeters, or other de- oe ‘“ 
vices whose indications are independent sneiodl 
of frequency. 

These micropotentiometers are the < 
first low-impedance (of the order of ; 
milliohms) devices which provide r-f, EAST 
voltages in the microvoit range and the high 
which make these low voltages avail- extracti 
able without the use of attenuators. Packing 
They thus provide useful tools for Illinois, 
many problems where constant voltage measure 
and low voltage sources are required. plant cc 
The devices are inherently frequency year ag 
insensitive up to and above 300 me, ulations 
Extremely low and essentially nonreac- of scien 
tive output-impedance facilitates their have si 
use for checks and references with pany in 
standard voltage generators. Simplicity One < 
of operation, trouble-free circuitry, flex- necessal 
ibility, and absence of serious shielding to wari 


Investigate the Hathaway SC-16A Recording Cathode-Ray Oscillograph 
Write for Bulletin 2G1A-Hi 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET ¢ DENVER 10, COLORADO 





LEARN 
INSTRUMENTS 





Industry needs men with instru- 
ment training, needs them so badly 
that qualified installers and re- 
pairmen virtually write their own 
tickets. Now you can prepare for 
this interesting, profitable field by 
study at home in your spare time: 
I.C.S., working with instrument 
manufacturers, has developed a 
new, comprehensive course in 
Industrial Instrumentation. Send 
for full details—they’re free! 


"beyond the BLA cK KOUT 


@ Giannini precision Accelerometers 
give faithful indication of the values 
of gravity beyond the range of human 
endurance. Giannini Accelerometers 
are precision-built for a variety of 
exacting applications in all fields of 
aircraft and industry. Write for catalog 
and engineering data. 


problems make these instruments par- 
ticularly adaptable to use by personnel 
of limited training. 

In comparing the micropotentiom- 
eters with other sources, such as 4 


approac 


G. M. Giannini & Co., Inc. 
Pasadena 1, California 
Springfield, New Jersey y 


International Correspondence Schools 
Box 2183-B, Scranton 9, Pa. 


Without obligation, please send me in- 
formation on new Instrument Course, 


Name 
Address 











Length of Service in World War II___ 
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Micropotentiometer setup for ‘calibrating 8 
millivoltmeter. 





Combus 
eight air 













of ref, 








yoltage-measuring thermistor bridge*, 
absolute reproducibility and agreement 
have been limited only by the relative 
complexity of the standards of com- 
parison. Verification of the exact fre- 
quency and voltage ranges of the micro- 
tentiometers in terms of other inde- 
ndent standards is still in progress 
at the Bureau, along with other phases | 
of design and application. Probably the 
greatest single difficulty encountered in 
this work has been the lack of stable 
sensitive receivers which can indicate 
one microvolt (or lower voltages) at | 
100 me. and higher frequencies with ac- 
curacies of 10 percent or better. How- | 
ever, available evidence appears suf- | 
ficient to recognize in “r-f. micropo- | 
tentiometers” reliable, economical, and | 
critically needed instruments for stand- | 
ardization of both single-ended and | 
palanced-voltage circuitry. | 
The illustrations show an exposed | 
view, a functional diagram, and a | 
setup for calibrating a millivoltmeter. | 
Annular-ring membranes of different | 
| 








resistivities are interchangeable for de- | 
sired millivolt ranges. In use, an r-f. | 
power source supplies the unit. A filter | 
box on top the unit eliminates radiation 
from the leads to the thermocouple d-c. | 
output monitor. 


*A bolometer bridge for standardizing r-f. volt- 
meters, M. ©. Selby and Lewis F. Behrent, J. 
Research NBS 44, No. 1, 15-30 (1950). 





Safety Instrumentation 


EAST ST LOUIS, Ill.—Recognizing 
the high hazards of combustible solvent 
extraction, management of the Hunter 
Packing Company at East St. Louis, 
Illinois, specified extreme precautionary 
measures for the company’s rendering 
plant constructed a little more than a 
year ago. Strictly observed safety reg- 
ulations and continuous, scheduled use | 
of scientific equipment and instruments | 
have since paid dividends to the com- | 
pany in its safety record. | 

One of the first safeguards deemed 
necessary was a reliable alarm system 
to warn of concentrations of vapors 
approaching combustible limits. The 
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Combustible gas alarm analyzes continuously 
eight air samples. 





Enjoyment of twenty-one hours of continu- 
ous record music from one loading is now 
possible with the Lincoln Record Changer. 
Plays both sides of your records...all sizes 
...all speeds...on a cushion of air. This 
new design uses air as the motive power 
for transferring each record to the turn- 
table and for turning it over. A reliable 
Bodine motor is used to drive the vacuum 
pump. 

Outstanding reasons for their selection 
of Bodine motors were given by the 
Lincoln Engineering Company: ‘‘exception- 
ally quiet and smooth running, ability to 
meet power and size requirements, Bodine’s 
excellent reputation for high-quality mo- 
tors, Outstanding co-operation received in 
helping us select the proper motor for our 
needs...all the above advantages at a com- 
petitive price.’ 

A Bodine motor may be the answer to 
your design problem. Consult Bodine 
engineers. 


Bodine Electric Co., 2244 W. Ohio St., Chicago 12, Ill. 


THE POWER BEHIND THE LEADING 













































PRODUCTS 

















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 















(llustrated 


bulletins 









free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 














MICO 


Precision Apparatus 


UHF COAXIAL WAVEMETERS 



















SF 2-75 
CENTIMETER 
RANGE 









MODEL 433 ___.. 20 to 75 Centimeters 
MODEL 501 
MODEL 402A ____.. 


MODEL 402B ____.. 2 to 10 Centimeters 
(Reaction Type) 


MICO INSTRUMENT CO. 


86A Trowbridge St., Cambridge, Mass. 





20 Centimeters 






2 to 10 Centimeters 
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RELAYS aad TIME SWITCHES 


of Diamon 


Open Type 
“Can” Type 
With Plug-in 
Tube Base 
A. C. or D.C. 
Midget Relays 
Dual Purpose 
Relays 
Delayed 
“Make” or "Break" 
Automatic 
Circuit Control 
“Current” and 
“Potential” Relays 


jo 


Quality 


Ruggedly constructed to exacting 
specifications that are carefully en- 
gineered to provide ample safety fac- 
tor . . . quality all the way through! 

Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name’”’ 
manufacturers. 

We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the “‘Diamond Seal” 
line the choice of those who measure 
quality by performance. 


TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 








RONICALLY REGULATED 


BORATORY 
ER SUPPLIES 


e INPUT: 105 to 125 VAC, | 
50-60 cy ‘ | 
e OUTPUT #1: 200 to 325 | 
Volts DC at 100 ma| 
regulated | 
e OUTPUT #2: 6.3 Volts 
AC CT at 3A unregv- | 
lated 
© RIPPLE OUTPUT: Less | 
than 10 millivolts rms 
| For complete information write 
for Bulletin N& 
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A widely known 
electrical manufacturer 
CHEMICALLY CLEANS 1 
UNIT EVERY 8.3 SECONDS. 
Costly reprocessing due to 
dirty units is eliminated. 
Production lines oper- 
ate at better effi- 


PASSAIC ANALYTICAL 
LABORATORIES, Inc. 


228 Aycrigg Ave. Passaic, N. J. 





company selected a multi-point contin. 
uous-sampling combustible-gas alarm 
developed by the Mine Safety Appli- 
ances Company, Pittsburgh, Pennsy}. 
vania. 

Air samples are drawn from eight 
different locations to the instrument 
which is in a prominent spot and easy 
to see. A turbo-compressor vacuym 
pump in the unit aspirates for the air 


| samples. In the instrument is a motor- 


ay 4 
Portable combustible 


explosimeter detects 


| vapors. 


| operated multi-way sampling valve en- 
| abling the unit to alternately analyze 
| combustible concentrations. 


Samples are passed across one of two 


| heated platinum wires forming a bal- 


anced electrical circuit. If the test air 
contains combustible vapor, the flam- 


| mable components are burned on con- 
| tact with the hot wire, unbalancing the 
| electrical circuit in proportion to the 


degree of concentration. When the bal- 


| ance is upset beyond a predetermined 


limit, a red warning light flashes on. 


Simultaneously, an audible alarm:signal. 


is energized while an annunciator light 
system shows the sampling line from 
which the air was drawn. 

A small portable MSA Explosimeter, 
which instantly measures concentra- 
tions of gases and vapors below the 


| explosive range and indicates the pres- 


ence of concentrations within and above 
the limits, is provided for use before 


| any major maintenance work, including 


welding or brazing, is permitted in the 
building. 





“HEAT INERTIA” 
IN PROBLEMS OF 
AUTOMATIC CONTROL 
OF TEMPERATURE 
By VICTOR BROIDA 
Stiff paper, 5% x 8% inches, 64 pages 
$1.00 POSTPAID 


Payment must accompany order 


The instruments Publishing Co., Inc. 
921 Ridge Ave. Pittsburgh 12, Penna. 
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Wanted 
ENGINEERS and SCIENTISTS 


Unusual opportunities for outstanding and 
experienced men. 


These top positions involve preliminary and production 
design in advanced military aircraft and special weapons, in- 
cluding guided missiles. 

Immediate positions include: 
Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 
Flight test engineers 
Stress engineers 
Aero- and thermodynamicists 
Servo-mechanists 
Power plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 


Excellent location in Southern California. Gener- 
ous allowance for travel expenses. 

Write today for complete information on these 
essential, long-term positions. Please include resume 
of your experience & training. Address inquiry to 
Director of Engineering, 


NORTHROP AIRCRAFT, Inc. 


1017 E. Broadway 
Hawthorne (Los Angeles County) Cal. 








Second Edition Now Available. 


Mechanical Measurements 
by Electrical Methods 


Serialized in /nstruments under the title 


“Electric Gaging Methods” 
By HOWARD C. ROBERTS 
Special Research Associate Professor of Civil Engineering, Uni- 


versity of Illinois (for many years in Research Lab., A.R.A.). 


Typical of the comments received while 
this book ran as a serial in Instruments: 


“. .. [ appreciate the thoroughness with which the 
subject is being treated.” “We are sure that your 
articles will be widely read, for it is a subject cer- 
tainly in need of the correlation you are giving it.” 
-... Iam glad to find that you have done so ex- 
haustive a job on the subject.” 


ORDER THIS UNIQUE BOOK NOW 


$4.00 postpaid 


Remittance must accompany order 


CONSTANT FLOW-RATE 
ASSURED 


WITH THE 


DIFFERENTIAL 
PRESSURE 
REGULATOR 


A CONSTANT RATE OF FLOW, regard- 
less of variations in upstream or downstream pressure! That's the job 
that ConoPurge does when used with air or liquid purging systems 
or with bubbler type pressure gauges in liquid level applications 

The CONOPURGE system consists of sight feed bubbler or indica- 
ting rotameter with adjustable needle valve and a CONO DIFFER. 
ENTIAL PRESSURE REGULATOR. Either gas or water can be used 
as a purging medium. 

Available in %'’ NPT size only, for inlet pressures to 150 psi, 
and with 1% psi and 3 psi fixed differentials 


WRITE TODAY FOR BULLETIN H-11 


CONOFLOW CORPORATION 
2100 Arch St., Phila. 3, Pa. 


Specify the Best! ° 


PHILADELPHIA , 


THERMAL CONTROLS 
AND THERMOMETERS 


Our Leadership for nearly 
a half century is your 
assurance of complete 
satisfaction when you 
specify a ‘Philadelphia’ 
instrument. 

Steady, accurate and de- 
pendable performance is 
guaranteed. 

Feel free to consult with 
our specialized staff on 
any problem in our field. 


SEND FOR CATALOG 110A 


ILADELPHIA THERMOMETER CO. 


e Philadelphia 40, Pa. 
Since 1905 i, 


VA GA 
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INSTRUMENTS PUBLISHING CO. 
921 Ridge Ave., Pittsburgh 12, Pa. 














4£1QU105 WORTH 
STORING are 


@ FOR GAUGING LIQUIDS 

OF ALL KINDS 

@ 100% AUTOMATIC 
© APPROVED BY 
UNDERWRITERS’ 
LABORATORIES 


re LIQUIDOMETER core 


36-27 SKILLMAN AVE., LONG ISLAND CITY,IN.Y. 





WRITE FOR COMPLETE DETAILS 











STATHAM ANGULAR 
ACCELEROMETERS 
“4 in 


A new series of unbonded strain gage angular accelerom- 
eters is available to detect and measure angular accelera- 
tion in ranges from +3 to +400 radians/sec/sec. The design 
of these instruments permits close balance against linear ac- 
celeration effects and excellent resolution while providing 
greatly increased resistance to destruction by linear accelera- 
tion. In these instruments, the suspended mass weighs but 
a few grams. 

In corresponding, may we suggest that you be as specific 
as possible in outlining range and frequency requirements so 
that we may offer detailed recommendations in our reply. 








LABORATORIES 


SCIENTIFIC INSTRUMENTS 


12401 West Olympic Blvd. ¢ Los Angeles 64, California 
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PHOTOELECTRIC MEASUREMENT OF Dust 
Continued from page 544 


the position of the measurement, and the particle size digty. 
bution of the material being sampled affect the indication, 

First, consider the sampling of a very fine materia), 
Because of their small size, the particles remain Suspended 
in the air for a long period of time. The particle size distyj. 
bution is independent of air velocity. Therefore, in the 
sampling procedure, no consideration need be given to the 





























ImA 
RECORDER 





0.C. AMPLIFIER 








Fig. 4. Schematic of bridge-type smokemeter. 


losses caused by settling in the pipe or by centrifugal sepa- 
ration at the 90-degree bend in the pipe. As a result, if the 
sampling velocity is greater than the duct velocity, the 
smoke density is diluted; if lower than the duct velocity, 
the density is concentrated. Fig. 5 shows a sampling curve 
which illustrates this fact. Although Zimmerman and 
Fahrenbach® did not obtain their curves under the condi- 
tions discussed, their results are applicable. 

However, consider a material in which the particle size 
distribution in the air stream is a function of the air-stream 
velocity, as is true in many precipitator applications. The 





1.6 ome Game 


\ 


U 
FAHRENBACH 





A 
7 
ZIMMERMAN 


INDICATED DUST 


CONCENTRATION TO TRUE VALUE 


Vl 








RATIO OF 

















0.4 0.6 0.8 I, 
RATIO OF SAMPLING VELOCITY 
TO DUCT VELOCITY 


See. | a 


Fig. .5. Sampling characteristics according to Fahrenbach and Zimmerman. 











supporting force tending to hold particles in an air stream 


is a function of the viscosity, density, velocity, and turbu- § 


lence of the air. These conditions can be indicated by means 
of Reynolds number. At low Reynolds number, the support- 
ing forces are small and only small particles can be sup- 
ported. As the velocity is increased, the Reynolds number 
increases and larger particles can be supported. Therefore, 
in sampling such a material we need to consider, not the 
velocities existing in the main duct and sampling tubes, 
but ‘the respective Reynolds number. 

Another important consideration is the centrifugal sepa 
ration of such a material at the 90-degree bend in the tube. 
The curves shown in Fig. 6 illustrate the effect of settling 
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and separation. When the sampling velocity is less than or 
equal to the duct velocity, the loading indication is low due 
to the settling in the sampling tube. The ratio of the 
Reynolds numbers is 6:1. As the sampling velocity is in- 
creased, the loading indication increases until, at a velocity 
ratio of approximately 3 to 1, the indication reaches a maxi- 
mum, The Reynolds numbers are not equal at this point, 
but dilution of the sample is now important, as in centrif- 
ugal separation. Beyond this point, the dilution of the 
sample is predominant and the loading indication steadily 
decreases. 

The following conclusions can be drawn from this study: 

1, A true loading indication cannot be obtained by a 
sampling velocity equal to the duct velocity. 
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Fig. 6. Characteristics of sampling. 


2. An optimum indication is obtained at a higher sam- 
pling velocity—the value depending on the particle size of 
the dust. 

3. No true indication can be obtained by these means. 


THEORY 


Photoelectric measurements can be accomplished by meas- 
uring either the absorption of light by the dust-laden air, 
or the scattering produced by the dust. In either case, the 
measurement depends on the wavelength of the light, the 
particle-size distribution of the material, and the surface 
properties of the particles. 

Theoretical expressions for the light absorption in dust- 
laden gases cannot be derived except for the simplest con- 
ditions, and parameters obtained by experiments have to be 
employed in practice. Simon and Kron‘ derived a theoretical 
expression for the light absorption by dust of single par- 
ticle size; in this case, the intensity of the light at a distance 
“” from the entrance of the light into the dust-laden air is 
given by 

-3m! 
I=], e 4rp 
where I, = light intensity at the entrance into the dust- 
laden air 
m = loading in weight/unit volume 
1 = length of absorption path 
p= density of the material of the particles 

When this expression is extended to include a certain 

distribution of particle size, it becomes 


- Din)3_d 
I=l, ‘ me/ " n 


where D(n) represents the distribution function of the par- 
ticles. This can be reduced to the form: 


[=] ee 


where a is a lumped “constant” for a given set of conditions. 

The dust loading, m, can be expressed in terms of the 
Measured light intensities because m= (1/a) In (I,/I). 
Therefore, a knowledge of a would enable a calculation of 








FOR 
MEASURING 
RADIOACTIVE 
EMISSION 








8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. 








LINDEMANN-RYERSON ELECTROMETER 


| Compact, sturdy, high sensitivity, 


| Was first used for photo-electric measurements. Is now used in conjunction 
| with ionization chambers for the determination of radioactive emission. 
stable zero and requires no leveling. 
| Capacitance is about 3 cm. Includes improvements developed by the 

Ryerson Laboratory. 


OTHER CAMBRIDGE INSTRUMENTS 


POCKET 
GAMMA RAY DOSIMETER 
is a personnel monitoring instrument 
to measure cumulative exposure to 
gamma or x-rays over a given period. 


| Contains an. ionization chamber; a 


qua tz fibre electrometer and view- 


| ing system. 


“CHANG AND ENG” 
FAST NEUTRON DETECTOR 


follows closely original design of 
U. S. Atomic Energy Commission. 


Consists wf twin ionization chambers, 
Lindemann Electrometer, reading 
microscope and dry cells. Self-con- 
tained. 


PRECISION IONIZATION METER 
(Failla Design) 


A complete instrument for null meth- 
ods of radioactivity measurement 
where background radiation effects 
must be eliminated. 


Send for complete information. 


CAMBRIDGE INSTRUMENT CO., INC. 


3742 Grand Central Terminal. New York 17, N. Y. 


| PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 





THE COMPLETE LINE 


Now furnished in stainless steel bulb and nut, Mar- 
shalltown dial thermometers are accurate, compact, 
durable instruments for the indication of liquid or 


gas temperatures. 


They are available in a variety 


of temperature ranges from minus 40° F. to plus 
500° F. Actuation is positive, direct with full free- 
dom — no gears or pinions, Available in sizes 2”, 


2%”, 3%” and 4%”. 


WRITE TODAY FOR FULL DETAILS AND PRICES 


Marshalltown Mfg. Co., Marshalltown, lowa 
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MACDONALD PROPORTIONAL 
TEMPERATURE CONTROL 





The THYRATRON Control allows PROPORTIONAL regula- 

tion of output power to electrically heated furnaces. Instead 

of turning current on-and-off, or adjusting the time of appli- 

cation of full power, the power level is continually monitored 

in accordance with the furnace demand. In this way the number 

of expansions and contractions of the heater elements is 

greatly reduced, increasing heater element life. The con- 

troller operates proportionally from a resistance thermom- 

eter, and thus insures maximum sensitivity of control. 

Specifications: 

® Resistance Thermometer Actuated 

®@ Controls up to 7!/2 amperes @ 220V 

® Operates to 1000°C 

® Controls to 0.1°C (0.01°C or better with improved 
furnaces) 


W. S. MACDONALD CO., INC. 


University Rd., Cambridge, Massachusetts 











For Quality Control of Viscosity . . . 
Use the NORCROSS 
RECORDING-CONTROLLING VISCOMETERS 





Viscosity Range: | to 200,000 c.p. 


Applicable to: 


TEXTILES ADHESIVES PAINTS 
PLASTICS FOOD PRODUCTS RESINS 
PAPER PETROLEUM PRINTING 
SYNTHETICS SYRUPS SOAP 


NORCROSS RECORDING-CONTROLLING VISCOMETERS 


Can be Used For: 

Recording or automatic control; 
Operation under pressure or vacuum; 
Explosion proof applications. 

Give You: 

Greater Production Improved Quality 

Labor Savings Lower Costs 


Write for illustrated booklet 


NORCROSS CORPORATION 
247 Newtonville Avenue, Newton 58, Mass. 





the dust loading. However, a theoretical determination of 
this lumped “constant” is very difficult, and in most cases 
impossible because the distribution function is unknown, 
Thus it appears that the absorption-type photoelectric 
smokemeter is a qualitative instrument, unless the constant 
a can be determined by other means. However, the instry. 
ment can be used as a comparison-type instrument, that is, 
the ratio of loadings can be obtained from the ratio of the 
values of (am). The ratio of the loadings is expressed by 


a = (2;™) zs In(I, /1;) ‘ 
mz (a2™2) In(I,7]5) 
if we assume a, = ay». 

This application is very valuable in determination of pre. 
cipitator efficiency because m,/m, x 100 can be the percent 
residual when m, is the output loading with the precipitator 
off, and m, the loading with the precipitator on. The assump- 
tion that a, =a, is tenuous in precipitator application be- 
cause the particle size distribution in the output is dif. 
ferent from that in the input. This difference is caused 
by the selective nature of the precipitation process. However, 
experience has shown that the assumption yields results 
within a reasonable accuracy for laboratory experimenta- 
tion. 

In our laboratory work it has been possible to find the 
constant a for the conditions involved and thus to use the 
photoelectric smokemeter as a quantitative instrument. The 
equipment used in this calibration is shown in Fig. 1. At 
a fixed air velocity, gypsum-laden air was drawn through 
the duct, and the dust was collected by the experimental 
electrostatic precipitator, which was operating near 100 
percent efficiency. The loading of the air stream in arbitrary 
units was determined from the readings on the smokemeter 
(am =InI,/I), and the actual loading was found from 
the weight of the material collected and the volume of air 
drawn through the precipitator. The value of a was com- 
puted from these two results, and its variation with particle 
size was determined by similar experiments with the same 
material of different average particle size. It should be 
noted that the values for the lumped “constant” obtained 
in the way described are valid only for this particular sys- 
tem, dust, and wavelength of light. 

One interesting result of the particle-size measurements 
was the variation of a with average particle radius. It was 
found that increasing the average particle size from 5 to 18 
microns in radius decreased the value of a by a factor of 2. 
This suggests that a varies approximately inversely as the 
square root of the radius, for the material and particle 
distribution involved. It is not suggested that this is a 
general relation; it is offered only to show that the Simon 
and Kron equation is probably of the proper form. 

Acknowledgement.—The authors wish to express thanks 
to Dr. Eric A. Walker for his guidance during the work, 
and to the Koppers Company for sponsoring the research 
program. 
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The signal from the primary device is trans- 
mitted to the Askania diaphragm. It is then 
transmitted to a modulating valve which 


LOADING 


proportions the loading signal over the 
standard range of 3 p.s.i. to 15 p.s.i. 


A SUBSIDIARY OF GEN 
246 EAST ONTA 


‘The Askania Transmitter ‘is 
- compact unit that provides a 


the Askania diaphragm, is. developed 










accurate way to transform minute pres- 
sures into measurable air load pressures. 
The differential pressure, measured by — 




















by a conventional bubbler system. 

Features of the Askania unit include: © 
accuracy of plus or minus .5% over 
ranges from 0-5" w.c.; air consumption — 
of approximately .8 cu. ft. per minute 
of free air; the air nozzle and flapper 
arrangement permit the use of relatively | 
dirty air, since there are no small clear- 
ances or jets to become clogged or 
inoperative; a ratio slider may be used 
to provide an adjustable ratio between: 
the small input differential and the out- 
going. loading pressure. 

If you have a sensitive measurement 
problem you will want further details on 
this Askania Pneumatic Pressure Trans-. 
mitter. Send for complete information. 
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OF NO. 135 SINGLE and MULTIPORT VALVES | 










Graph shows smooth opening, 
close regulation and large capac- 
ity of Klipfel No. 135 Valve 
"4 (curve A") contrasted with con- 
venti Irelief valve (curve ''B"’). 
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CONVENTIONAL TYPE G 
~] ‘4 
2 
wn 
wn 
uw 4 
a KLIPFEL DESIGN WITH PITOT TUBES 
d + APPROXIMATELY 4% REGULATION 
7 OVER ENTIRE CAPACITY RANGE. 
e 4 q CURVE "AN" 
| = Houston 
Sections _ 
CAPACITY — Process I 
4 TIMES NORMAL PIPE CAPACITY ment, | 
Single or multiport, the Klipfel No. 135 maintains steam back T 
pressure accurately. Among the features which have made it 
a favorite with operating and maintenance men are: OLLO 
INNER VALVE—an inverted cup slides smoothly on a piston oe 
which is integral with the threaded seat bushing. the Roos 


EXTERNAL SLEEVE—amn extra feature—permits close regulation March 3( 
with variable outlet pressure by venting spring chamber to a Society D 








constant pressure source. Society 

SPRING—extra long with low spring scale. ar. Th 

BODY—in single port, bronze, semi-steel or steel casting. In 1, 1980. 

multiport, all-welded steel plate body. , foam 

PERFORMANCE CHARACTERISTICS PRESSURE RANGE—single port, up to 300 P.S.I.G.; multiport, have allo: 

Qunineiuitied Motes seeding vacuum to 20 P.S.1.G. - nat 
by using fluid velocity. Fifth A 

: | 

Tight eee @ paign: ’ 

Press aR 8 for low venturi effect. FOR FULL DATA on the athe am 

atter-proof Operation— fe e 

though inherent dash-pot construction. Klipfel No. 135, or sige planned » 
Multiport Valves— write Dept. DA-5. HAMILTON-THOMAS CORP. me Sad 

Open in sequence minimizing wire drawing HAMILTON, OHIO of 298 


and improving regulation. Positive testing known tc 
of each valve with external handle. 
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National Committees and Chairmen 


Committee for Analysis Instrumentation, D. J. Pompeo; 
Constitution & Rules & Procedures Committees, R. J. S. 
Pigott; Coordinating Committee, E. S. Lee; Employment 
Committee, C. F. Goldcamp; Finance Committee, J. T. 
Vollbrecht ; Historical Committee, L. M. Susany; Instru- 
ment Maintenance & Operation Committee, J. Johnston, 
Jr.; Committee on Instrumentation for Production Proc. 
esses, D. M. Boyd; Instrumentation for Testing Commit- 
tee, D. C. Little; Instrumentation for Transportation Com- 
mittee, F. H. Catlin; Instruments for Inspection & Gaging 
Committee, W. A. MacCrehan; Meetings Committee, J. R. 
Martin ; National Defense Committee, R. L. Goetzenberger ; 
Nominating Committee, M. S. Jacobs; Publications Com- 
mittee, L. H, Allen, Jr.; Recommended Practice Commit- 
tee, A. V. Novak; Sections & Membership Committees, 
M. S. Jacobs; Society Structure & Planning Committee, 
A. H. Shafer. 


Officers 
President: J. B. McMahon 
First Vice President: Porter Hart 
Vice President: Nelson Gildersleeve 
Vice President: N. L. Isenhour 
Vice President: W. A. Wildhack 
Treasurer: G. R. Feeley 
Secretary: Richard Rimbach 


ISA National Office: 921 Ridge Ave., 
Pittsburgh 12, Pa. 


TABLE OF CONTENTS 


Houston Exhibit 
Sections Data 


Process Instrumentation for Crystal Growing Equip- 


ment, by S. A. Hluchan 


Automatic Control of Flow in the Process Industries, 


by A. E. Krogh 


Employment Service 


Symposium on Panel Board Design 


THE SECRETARY’S PAGE 


OLLOWING is the report of the 
Executive Secretary as made to the 
Executive Committee at its meeting in 
the Roosevelt Hotel, in Pittsburgh, on 
March 30, 31, 1951. 
Society Membership: 

Society membership now numbers 
4557. This is an increase of 259 mem- 
bers over the count made on September 
1, 1950. (See analysis on next page.) 

57 members have resigned and 200 
have allowed their membership to lapse 
and are now inactive, (some of whom 
are expected to renew membership). 


Fifth Anniversary Membership Cam- 
paign: 

The membership campaign begun in 
late 1950 to extend to April 1951— 
Planned to raise the Society member- 
ship by 15%, or to more than 5000 
members, has resulted in an increase 
of 228 members who are definitely 
known to have joined as a result of 
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campaign promotion. Final results of 
the campaign and awards to the Sec- 
tion and to the member who obtained 
the largest number of new members 
will go out in the near future. 


Recommended Practices: 

ISA RP3.1, “Flowmeter Installations, 
Seal and Condensate Chambers,” is in 
final form ready for printing. It will 
be distributed, along with ISA RP4.1, 
“Control Valve and By-Pass Installa- 
tions,” to the membership in the near 
future. 


New Speakers List: 

A new speakers list has been pre- 
pared and has been distributed together 
with corrections and additions to the 
ISA Motion Picture List to Section 
Officers. 


Report on ISA Film “Principles of Au- 
tomatic. Control:” 
This 16 mm, sound—color film had 


its premier showing at the Buffalo Con- 
ference in 1950. Since then, 3 copies 
have been procured and are now on 
plat ae from the National Of- 
ce. 

A descriptive leaflet on the film has 
been prepared and distributed to So- 
ciety Officers, Secretaries and Chair- 
men. Approximately 1000 have been 
distributed to date. 

In addition to 5 showings at the Buf- 
falo Conference and approximately 5 
informal showings, the film has been 
loaned to date’ to 48 different organized 
groups; total showings by these groups 
being about 55. To date, 29 loans have 
been arranged to June 30, 1951; show- 
ings—approximately 37. For the period 
October 5, 1950—June 30, 1951: 177 
loans—92 showings. Breakdown by 
group for this period: 

ISA Sections: 

Other Societies: 
Educational Inst.: 
Companies and Misc.: 

A questionnaire sent to those who 
had shown the film indicated an aver- 
age attendance at showings of 90. To- 
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tal attendance by June 30 should be well 
in excess of 8000. 


Cooperating Societies, Houston Show: 
As was the case in Buffalo, the fol- 

lowing groups will cooperate with the 

ISA in the Houston Conference: 

American Institute of Physics; 

American Society of Mechanical Engineers, 
Instruments and Regulators Division; 

American Institute of Electrical Engineers, 
Instruments and Measurements Committee ; 

Institute of Radio Engineers. 

The following additional groups will 
also cooperate in putting on the Hous- 
ton Conference and Exhibit: 

Gulf Coast Spectrographic Society; 

Texas Agricultural & Mechanical 
Instrument Symposium ; 

Houston University will cooperate in 
the Instrument Maintenance Clinic. 


College, 











MEMBERSHIP OF SECTIONS, MARCH 30, 1951 
Absentee Student 
Section Member Member Member Total 
PR no's one 35 35 
Albuquerque 31 16 47 
re 42 42 
Atlanta . 2 20 
Baltimore ... 74 5 80 
Baton Rouge 45 45 
eR Se ke 121 121 
California 173 173 
Central Ill... 37 1 1 39 
Central Ind.. 25 1 2 7 
Charleston .. 59 4 63 
Chicago .. 228 20 88 336 
China Lake 40 1 41 
Cincinnati 68 68 
Cleveland 128 4 2 134 
Columbus ... 19 3 1 23 
Cumberland 16 2 18 
Detroit ..... 60 2 2 64 
Eastern N. Y. 62 1 26 &9 
Gulf Coast . 37 2 39 
Houston 140 1 141 
Kansas City. 54 14 68 
Louisville 40 5 2 47 
Montreal 74 1 75 
New Jersey. 269 1 270 
Central N. Y. 31 31 
New Orleans. 11 11 
New York 195 12 65 272 
Niagara Front. 70 20 4 94 
North Texas. 20 1 21 
No. Calif. ... 99 99 
No. Indiana. 39 4 1 44 
Oak Ridge 74 74 
Ontario 43 1 44 
Panhandle 49 49 
Philadelphia 313 14 13 340 
Pittsburgh 219 28 247 
Presque Isle 19 1 20 
Richland 76 13 6 95 
Rochester 87 1 88 
Sarnia 68 9 V7 
So. Mic higan 19 8 2 29 
South Texas. 40 8 21 69 
St. Louis ... 121 2 3 126 
Tennessee .. 31 14 45 
Toledo ..... 39 1 40 
Sec osens 90 1 1 92 
Twin Cities . 27 2 2 40 
Washington . 72 56 128 
Wayne County 63 32 95 
Wilmington 83 2 E 85 
At Large 41 4 1 44 
3936 347 274 4557 


seaiaiak Exhibit 


As previously reported in these col- 
umns the Sixth National Instrument 
Exhibit was originally laid out for 
154 booths. These 154 booths were re- 
served within the first 60 days of the 
sale of space and the continuing de- 
mand for booths required an additional 
61 booths to be added, making a total 
of 215 beoths. Of this total of 215 
booths, 10 booths were set aside for 
the use of the Armed Services. 

As of April 25, 1951, all booths have 
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been reserved—205 booths reserved by 
industry exhibitors and 10 booths for 
the Armed Services. We have almost 
reached the point where it is necessary 
to hang out the sign SOLD OUT. How- 
ever, owing to the present international 
situation, there is some question as to 
the Armed Services being able to ex- 
hibit, and some time may elapse be- 
fore this question is answered. There- 
fore the 10 booths set aside for the 
Armed Services have been made avail- 
able for reservation by industry exhib- 
itors, and from the numerous inquiries 
still being received, these booths will 
be sold in the very near future. Should 
the Armed Services later decide to ex- 
hibit, there is still sufficient floor space 
available in the Exhibit Hall to take 
care of their needs. 

The Houston Show will exceed any 
previous exhibit in number of exhib- 
itors. It is to be hoped that instru- 
ment men and others interested in in- 
struments will recognize this outstand- 
ing opportunity to see and learn of all 
that is important in modern instru- 
mentation and make such plans as are 
necessary to be in attendance. The ex- 
hibitors will make this the best Show, 
it is up to the user to make it the 
largest. 


Following is a list of the exhibitors 
who have made reservations since our 
last issue: 

James G. Biddle Co. 

William E. Brice Co. 

Brookfield Engineering 

Commercial Iron Works 

Allen B. Du Mont Labs. 

General Precision Lab., 

Hewlett-Packard Co. 

Illinois Testing Labs. Inc. 

Industrial Equipment Co. 

Earl Lipscomb Assoc. 

Samuel Moore & Co. 

Richardson Scale Co. 

Sanborn Co. 

Schutte & Koerting Co. 

Scientific Apparatus Makers 


Labs. 


Ine. 


Association, 


Sorensen & Co., Ine. 
Herman H. Sticht Co. 
Univ. of Houston 

R. L. Wilson Co. 
Wollensak Optical Co. 


Section Secretaries, Meeting Data and Programs 


AKRON 
Fred Appel, 932 Columbia Ct., Barberton, 
Ohio. Tel: SH 3440 
Fourth Tuesday, 7:30 P. M., Akron Y.W.C.A. 
ALBUQUERQUE 


E. J. Burda, Sandia Corp., P. O. Box 5800, 
Albuquerque, N. Mex. Tel: 5-5511 
First Monday, Meeting at 8:00 P.M., Science 
Lecture Hall, Univ. of N. M 
ARUBA 
E. H. Pfeffer, P.O. Box 291, c/o Lago Oil 
& Transport Co. ., Ltd., Aruba, N.W.lI. 
First Tuesday, 7:15 P. M., Engr’s Club. 
ATLANTA 
D. M. McRae, 150 Nassau St., Atlanta, Ga. 
Fourth Monday, Meeting at 7:45 P.M., Ga. 
Institute of Technology. 
BALTIMORE 
W. A. Dickinson, 2716 Dunbrook Ct., Baltimore 
22, Md. Tel. Dundalk 2272J 
Second Friday, Meeting at 8:00 P.M., Engr’s. 
Club of Baltimore. 
BATON ROUGE 


John Q. Bass, 1517 peeewess Dr., Baton 
Rouge. La. Tel: 3-0283 
Meeting monthly, L.S.U. Physics Bldg. 
BOSTON 
Stephen E. Lord, 60 Braintree Ave., Quincy 69, 
Mass. Tel: MA 9-1066 


Last Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:00 P.M., 99 Club, 99 State St. 


CALIFORNIA 
D. C. Duncan, Helipot Corp., 916 Meridian 
Ave., S. Pasadena, Calif. Tel: SY 4-8439 
Second Wednesday, Dinner at 6:30 P. M. Meet- 
ing at 8:00 P.M., Carolina Dines. 
CENTRAL ILLINOIS 
Thomas A. Carroll, 721 Hurlburt St., Peoria 6, 


Ill. Tel.: Peoria 4-8909 





Correspondence Stickers 
For Houston Show 


Below, reproduced in black, is the. 
impression of the two color correspond. 












INSTRUMENT SOCIETY 


of America 







Presents 





INSTRUM 


CONFERE 
end EXHI 





SEPTEMBER 
10-14 6 1951 


AB HOUSTON COUIstU. 
Us 





ence sticker being used to publicize the 
Sixth National Instrument Conferene 
and Exhibit. The sticker is 1.5 by 25 
inches, is red on an orange backgrount 
and has been printed on gummed stock, 
The monument pictured is the Sa 
Jacinto Monument—Houston’s memo. 
rial shrine and symbol of Texan in 
dependence. The sticker is designed 
for use on Society and exhibitor letters 
and envelopes to inform and remind in- 
terested individuals about the coming 
Conference and Exhibit. 

Members of the Society, Section of- 
ficers, program chairmen, Secretaries, 
etc., as well as individual members, are 
urged to make use of these stickers on 
their business correspondence. The 
sticker is a dignified, convenient, easily 
applied, inexpensive, way to promote the 
‘Show’, instruments, instrumentation, 
and the Society. We will be glad to 
supply any interested individual with 
as many stickers as he can use. A 
post card to the National Office is all 
that is required. 





First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 
CENTRAL INDIANA 
Richard F. Rieman, 3550 Euclid St., Indian 
apolis, Ind. Tel. CH 7462 
First Tuesday, Meeting at 7:30 P. M. 


CENTRAL NEW YORK 


Karl W. Robertson, Minneapolis-Honeywell 
Reg. Co., 121 Onondaga St., Syracuse. 
CHARLESTON 


Fred Gilmer, 418 Beech Ave., Charleston, W. 


a. 
First Monday, Dinner at 6:15 P.M., Meeting 
at 8:00 P.M., Kanawha Hotel. 
CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher Bldg., 34 
S. Dearborn St., Chicago 4, Ill. Te: 
WE 9-0686 
russ Monday, Dinner at 6:30 P. M., Meeting 
t 8:00 P. M., Shoreland Hotel. 
CHINA LAKE 
A. H. Staud, 1004 Michelson Lab., USNOTS, 
China Lake, Calif. Tel: 77882 
Fourth Thursday, Meeting at 8:00 P.M. 
Michelson Lab, USNOTS. 
CINCINNATI 
L. W. Greene, 181 Market St., Aurora, Ind. 
Second Monday, 8:00 P. M., Eng’r. Society 
Has. 
CLEVELAND 
A. E. Ehrke, 5805 Euclid Ave., Cleveland, 
Ohio. Tel: Ex 1-5454 
Fourth Wednesday, at 6:30 P.M. 
Meeting at 8:00 cirteund Eng’. 
Society, E. 19th St. 
COLUMBUS . 
W. C. Myers, c/o Battelle Memorial It 
stitute, 505 King Ave., Columbus, Ohio. T 
UN 3191, Ex. 248 


Dinner 
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Third Thursday, Meeting at 8:00 P.M., Battelle 
Auditorium 


CUMBERLAND 
Clyde Babst, 225 Cecilia St., Gumberland, Md. 
Tel: 5 


83- 
esday after Fourth Monday, 8:00 P. M., 


Dinner at 6:30 P. M., Algonquin Hotel. 
OIT 
oe Brueckner, 5556 S. Clarendon Ave., 


Detroit 4, Mich. Tel: TYler 6-9511. 

Third Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., Rackham Bldg. , ; 
May 22, “Automatic Instrumentation in 
Quality Control,” T. S. Cawthorne, T. S. 
Cawthorne Co. Joint meeting with AIEE. 


STERN NEW YORK 
a R. McKegg, c/o Gen. Engrg. & Consulting 
, G. E. Co., Schenectady, N. Y. 
First Tuesday, 8:00 P.M., Dinner at 6:30 P.M. 
May 24, “Principles of Automatic Control,” 
ISA Color-sound film. 


GULF COAST 
W. N. Sloan, E. I. Du Pont de Nemours & Co., 
Orange, Texas. Tel: 8411 Ext. 444 
Third Tuesday. Meeting at 7:30 P.M., Lamar 
College, Beaumont, Texas. 


HOUSTON 
I. K. Farley, 2123 Travis St., Houston, Texas, 
Tel: Charter 2511. 
Last Monday, 8:00 P. M., Engineers Club. 


KANSAS CITY 


H. H. Schmall, 3706 Benton Blvd., Kansas 


i City 3, Mo. Tel: AR 4808 

on the First Tuesday, 7:30 P.M., U. of Kansas City. 

erence 

by 25 LOUISVILLE 

rround C. M. Bosworth, 203 Arbor Park, N., Lo., Ky. 
Fourth Tuesday, Meeting at 8:00 P.M., Sea- 

stock, gram Auditorium. 

e San 

memo- 

an in- 

signed>, 

letters 

ind in- 

— ABSTRACT. The equipment and program 


control system for growing single crystals of 
the aromatic hydrocarbons is described. The 
need for and use of these crystals as detection 
elements for scintillation type radiation instru- 
ments is treated briefly. The use of suppression 
voltage, thermopile activation and successive 
shifting of control range with time are some 
of the features of the control system which 
permit the process ipulations ry for 
satisfactory product. 





The equipment and control system 
for growing single crystals of the aro- 
matic hydrocarbons was assembled 
from readily available commercial 
components and of easily constructed 





, Meet- 


Indian: 


neywell 
e. 


on, W. 
feeting 











devices. This equipment consists of a 
crystal growing chamber, a precision 
oil bath and a temperature program 
control system. Large single crystals of 
anthracene have been _ successfully 
grown, These crystals were grown in 
cooperation with radio-chemists who 
needed single crystals for use in scin- 
tillation counters for radioactivity 
measurements. 

At the start of the work the various 
detailed requirements and the preci- 
sion of control and program for crys- 
tal growing processes for various ma- 
terials were not known. Certain basic 
rules were known from the work of 
past experimenters. Perfect crystals 
require ideal conditions, but in prac- 
tice certain compromises have to be 
made for reasons of speed and econ- 
omy. The time required for the success- 
ful completion of a crystal run is about 
two weeks, so that development of 
srowing techniques is slow at best. 
The equipment constructed has proven 
to be inexpensive, stable, and versatile 





*Instrument Department, Oak Ridge National 


Laboratory, Oak Ridge, Tenn. 

0 NOTE: Presented before the Fifth Annual 
“onvention of the Instrument Society of America, 
at Buffalo, N. Y. Sept. 12-18, 1950. 


‘Statements and opinions expressed in these 
pos icles are those of the authors and not neces- 
sarily those of the Society. 
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MONTREAL 
S. J. Mizuhara, 1075 Allard, Verdun, Quebec, 
Canada. Tel: TR 3252 
Last Monday, 8:00 P. M., Mechanics’ Institute. 


NEW JERSEY 
Fred L. Crabbe, Malcolm W. Black & Co., 
Inc., 41 East 42nd St., New York 17, N. Y. 
Tel: Vanderbilt 6-2960. 
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in that it may be easily modified for 
a variety of processes, materials, and 
programs. 

Before describing further the equip- 
ment used, some information will be 
given regarding the types of crystals 
being grown and their purpose. 

In the radioactivity measurement 
field, ¢ontinual research is being done 
to make faster, more efficient and long- 
er lasting radiation detecting elements. 
For this purpose in recent years many 
natural and synthetic crystals have 
been investigated. The advantages of 
crystal counters over the more conven- 
tional type detection elements are that 
their smaller size makes possible better 
measuring geometries, they have high 
stopping power (particularly import- 
ant in the case of gamma radiation), 
they have low resolving times (making 
possible high speed counting and fast 
coincidence measurements), they have 
long life and are also valuable in cer- 
tain special applications, such as meas- 
urements of particle energy. These 
crystals are used with counting, coin- 
cidence and spectrometer circuits. 

The crystals grown were for the 
“scintillation” type of radiation meas- 
uring instruments. A “scintillation” 
crystal scintillates or emits thousands 
of tiny flashes of light when exposed 
to a radioactive source giving off alpha, 
beta, or gamma radiation. This phe- 
nomenon is° called fluorescence. The 
crystal extracts energy from incident 
particles and re-emits pulses of light of 
a characteristic wave length. There is 
a fluorescent light pulse for each inci- 
dent particle within the crystal. 

To demonstrate this property of 
fluorescence, we bring a crystal of an- 
thracene near a source of, say, ultra- 
violet light. We notice that it glows 
strongly with a fluorescent radiation 
in the visible blue color range. This 
blue color (wavelength 4400 A.U.) is 
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characteristic of anthracene and of the 
incident radiation. 

The most striking optical property 
of a single crystal of anthracene is that 
of double refraction. Fig. 1 is a photo- 
graph of a crystal of anthracene placed 
on top of a single ruled line and a set 
of letters on a piece of paper. It dem- 
onstrates crystal clarity and double 
refraction. It has the required shape 
and size (2 in. O.D. x % in.) for a 
scintillation counter photo tube (RCA 
type 5819) window. The orientation of 
the crystal was such that maximum 
image separation had occurred. Furth- 
er rotation in either direction would 
merge the two images. 

The final and most rigorous test for 
a crystal is by its performance in a 
scintillation counter or spectrometer. 
Various crystals can be compared ac- 
cording to the height of pulses pro- 
duced at the amplifier and by their 
ability to resolve energy maxima in the 
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Fig. 1 Crystal Showing Double Refraction 
spectra of certain standard radioactive 
sources. A crystal may be optically 
perfect, but still be inferior in actual 
performance in an instrument to an- 
other crystal much less perfect in vis- 
ual appearance. This may be due to a 
trace of impurity or the presence of 
some decomposition product. In the 
case of the crystal sodium iodide, for 
example, performance is improved by 
the presence of a trace of thallium. 
Crystal growing is nearly as much 
an art as it is a science. Usually it is 
a practical compromise between what 
is ideally required for perfection and 
what is economically possible within 
a reasonable period of time. In nature, 
nearly perfect crystals like the diamond 
had taken an extremely long time to 
form and cool. There nearly all con- 
ditions were good except for possible 
presence of impurities. Basically the 
conditions necessary were mononuclea- 
tion (single seeding), a long time in- 
terval for cooling, freedom from im- 
purities, and no decomposition of the 
original material. The difficulty with 
which crystals of different materials 
can be grown varies greatly. Some 
crystals, for example sodium iodide, 
can be grown easily while others such 





Fig. 2 Growing Chamber and Upper Bath 
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as anthracene are rather difficult to 
grow. 

The two methods of growing crystals 
giving most consistent and successful 
results have been variations of the 
method of condensation from the vapor 
state. In both cases the anthracene 
was placed in the bottom of an evacu- 
ated growing chamber which has a 
controllable cold ceiling containing a 
seed crystal. In one method, crystal- 
lization in the presence of refluxing, 
the anthracene melt was held at 218° 
C or slightly above its melting point. 
In the other method, a simple sublima- 
tion process, the temperature of the 
anthracene mass was raised to only 
about 195° C, or just above the super- 
cooling temperature of anthracene on 
mica, which covers the ceiling. To start 
crystal growth, the ceiling of the 
chamber is slowly cooled until all the 
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On the side of the lower chamber arp 
two diametrically opposite windows 
one for illuminating and one for viey. 
ing. Evacuation is achieved through , 
line containing a valve and Passing 
through the edge of the ceiling, B, 
means of a similarly located line , 
modified Booth Cromer gauge is ¢op. 
nected to the growing chamber to mak 
possible pressure measurement at any 
time. Both valve and gauge are cover. 
ed by the lower bath oil to prevent cop. 
densation of vapors into the Working 
parts. On the bottom of this chambe 
is the crystal material. The Ceiling 
directly above is covered by a cireuly 
plate of thin mica with a 3/8 in. hok 
in the center. This plate is held at th 
edges and helps support the prepare 
seed which is cemented to the brag 
ceiling directly over the hole in th 
mica plate. 
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raw material has been sublimed and The crystal growth will start on the} faces fo 
condensed on the ceiling. Annealing seed and gradually spread over they baths. T 
followed by a cooling to room tempera- entire mica surface. The crystal mass ply usuz 
ture completes the process. Hence, the grown upon the mica plate separates the heat 
basic steps in these processes were away from it during cooling and is amount 
nucleation, growing or forming, an- then only supported by the material automat 
nealing, and cooling to room tempera- in the center hole and a thin edge aj W88_ wo 
ture. the periphery. Anthracene super-cook) Separate 
It was hoped that in this crystal on mica at a much lower temperaturt}? The a 
growing process decomposition of an- than on metal so the the presence off) immersi 
thracene would be minimized and con- a good seed at the start of the grow just bef 
taminating materials would remain in ing process must be certain. element 
the residue on the floor of the chamber. An oil bath rather then an air oven bath th 
The growing chamber. with upper was chosen because of its inherent ad-/) tively d 
bath attached is shown in Fig. 2. Its vantage in stability, large supply ca per disc 
operation is better illustrated by cross- pacity, temperature uniformity capabil: pump. I 
section sketch Fig. 3. The lower circu- ities ,good heat transfer qualities, conf) mersion 
lar chamber with two windows is the trollability by simpler instruments, @@ imum : 
crystal growing space. The upper part duction of measurement and transfet heater 
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ing bath oil and the submerged circu- wiping out unwanted gradients and heaters 
lating pump. The growing chamber is promoting the desired gradient in the ties and 
entirely submerged in the lower bath growing surface. The ma 
oil during operation. The choice and arrangements of process 
The lower chamber fastens to the parts was such as to promote ease °@ growing 
ceiling (which is a part of the upper precise control. Reference to Fig. 3 0 differen 
vessel) by means of flanged connec- again made to note some of these de was gri 
tions containing a gasket. tails. that tin 
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Rapid oil circulation in both the hor- 
izontal and the vertical directions was 
achieved in both baths. In the upper 
bath oil was taken by the submerged 
centrifugal pump from near the top 
and then a small portion was dis- 
charged in the horizontal direction and 
the larger portion was carried by a 
long pipe directly to the cooled ceiling 
of the chamber. The lower bath was 
circulated by means of a stirrer with 


‘separated double propellers immersed 


at a large angle from the vertical in 
order to impart both vertical and hor- 
izontal motions to the fluid. Since both 
bath and growing chamber were cir- 
cular in shape, and the circulation 


/rapid, there are only negligible zones 


of fluid stagnation. A variac was used 
to control pump speed, This was neces- 


> sary because of vicosity changes in 
}the bath oil produced by temperature 


changes during the process. 
The manual and _ semi-automatic 


(heats were applied uniformly and 
‘spread over the entire side wall sur- 


faces for both the upper and lower 
baths. These two types of heaters sup- 
ply usually from 60 to 80 per cent of 
the heat required while the additional 
amount required was made up by the 
automatic heater. Each heating unit 
was wound non-inductively and had 
Separate lead wires. 


_ The automatic heaters were low lag 
immersion heaters located upstream 
just before the temperature measuring 
element in each case. For the upper 
bath the heater is wound non-induc- 


j tively directly on the end of the cop- 


per discharge pipe from the centrifugal 
pump. In the lower two knife type im- 


| ™ersion heaters were used. The max- 


imum safe heat dissipation of thi 
heater under these mo cl a 
ee per square inch. The automatic 
eaters have negligible supply capaci- 
mt and a rapid heat transfer ability. 
he maximum heat demanded by the 
Process was during the end of the 
ee, stage when the temperature 
ifferential between ceiling and melt 
Was greatest. The power required at 
that time was about 1.5 kilowatts. 
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Fig. 4 Control System for Crystal Growing Baths 


The use of non-inductive heaters was 
to minimize possibility of stray a.c. 
voltages being picked-up by the nearby 
temperature measuring element and 
affecting the operation of the measur- 
ing instrument, an electronic potentio- 
meter. 

Nearby downstream from the auto- 
matic heaters were located the thermo- 
pile junctions. These are small gauge 
bare thermocouple junctions, capable 
of rapid response to temperature 
changes. In cases of both lower and 
upper baths the radiant heat seen by 
the thermopile was very small because 
of placement of heaters. However, the 
direct viewing of the radiant surface 
by the thermopile might speed up and 
improve the detection of temperature 
changes. Although this might produce 
faster and greater cycling in the short 
space between heater and detector, the 
mean temperature of the main body 
of the bath might be held to a better 
average. This usually requires two 
measuring elements, one for control 
and the other for measurement, It 
must be emphasized that the tempera- 
ture element should not be located 
immediately next to the heater. If such 
were the case, it would not indicate 
either the demand or the supply tem- 
perature, but some value in between. 
The changes in demand temperature 
would tend to be masked by the supply 
temperature changes. 

If the temperature cycling at the 
point of measurement in the bath is 
rapid and of small amplitude, then the 
temperature of crystal growing surface 
within the chamber will vary even less 
because of the lagging action of the 
intervening walls. 

Connecting the thermopiles to record- 
er-controllers of high sensitivity and 
small dead zone completed the control 
system. The controllers and their out- 
put mechanisms will be discussed in a 
later section. 

The final assembly of this bath re- 
quired certain special materials which 
will be discussed briefly at this point. 
A few of these were the bath liquid, 
high temperature electrical insulating 
material and gasket material. 
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The bath oil finally used was Dow 
Corning’s silicone oil d.c. 550. Another 
silicone oil was tried earlier polymer- 
ized after two days’ operation at 230° 
C. The oil used was fortified by the 
addition of a small amount of a stabil- 
izer, para-aminophenol. When operat- 
ing at 250° C. or higher some vapors 
issue from the bath and the equipment 
should be used under a ventilating 
hood. At this temperature too, more 
frequent use of the stabilizer is neces- 
sary. The stabilizer tends to darken the 
solution which however, again clarifies 
with continued use at high tempera- 
tures. 

The gaskets for the windows and 
chamber flanges are teflon washers. 
This material is satisfactory but tends 
to flow and warp under pressure at the 
higher temperatures if not uniformly 
confined. 

Teflon ribbon, fiber glass sleeving 
and mica were used for electrical in- 
sulation on heaters and thermopile 
wires. 

It was estimated that the control 
system should be sensitive to better 
than a 0.1° C. temperature change. A 
controller with adjustable sensitivity 
and reset actions was decided on, be- 
cause of the variety of materials to 
be worked with, different process con- 
ditions and manipulations, and the 
wide temperature ranges to be en- 
countered. A controller with pneumatic 
output was considered particularly ap- 
propria‘e because of the flexibility and 
adaptability of air power to various 
types and sizes of control mechanisms. 
Wide range adjustments on the con- 
troller sensitivity and reset rate would 
make possible tuning in the controller 
on different system arrangements. Der- 
ivative action was not considered neces- 
sary. The controller had to be stable 
and operative for several weeks at a 
time and through a variety of program 
changes. 

These crystal growing processes do 
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. Fig. 5 Control Instruments for 
Crystal Growing Bath 


not require that the absolute value of 
the temperature of the melt be known 
to much better than about 1° C, since 
the process is usually carried through 
a safe range of temperatures. It is 
important however, that all tempera- 
ture changes be small and slow, par- 
ticularly during the critical growing 
period. Sudden large changes in tem- 
perature are very harmful to the pro- 
cess. Slow small temperature changes 
spread out over a number of hours 
resulting from drift in some electrical 
component will merely alter the grow- 
ing rate slightly. The measuring ele- 
ment chosen was a thermopile of ten 
junctions. It has rapid response, suffi- 
cient accuracy and.is easily matched 
to the controller and, more important 
still, readily used in conjunction with 
a simple but highly versatile program 
controller. Ten junctions in this pile 
do give such a voltage output that the 
controller has sufficient signal to con- 
trol to + .1° C. Use of the thermopile 
necessitates the use of a reference 
junction ice bath and a suppression 
voltage source. 

If one had unlimited choice of meas- 
uring and controlling instruments, the 
optimum number of couples for a 
thermopile would be determined from 
the accuracy and sensitivity of the 
available measuring device, the sensi- 
tivity of its control system, the con- 
stancy with which the reference junc- 
tion temperature can be held, and the 
lack of drift or fluctuation in the sup- 
pression voltage. 

The components were so chosen and 
designed that control of the bath to 
+ .1° C. would be possible during the 
critical growing period. Requirements 
for the annealing and cooling stages 
are less stringent. 

The general operation and arrange- 
ment of the controls are illustrated by 
block diagram Fig. 4. 

The lower bath temperature was 
measured by reading the output volt- 
age of a 10 junction thermopile whose 
cold junctions are immersed in an ice 
bath. Connected in series opposition 
with this is the variable suppression 
voltage. The difference voltage is ap- 
plied to an electronic potentiometer 
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recorder-controller of a fixed span of 3 
mv. This controller has a pneumatic 
output, which positions a variac con- 
trolling the voltage to the immersion 
heaters by means of a diaphragm op- 
erator. 

The upper bath temperature was 
forced to allow the lower bath tempera- 
ture by a pre-determined offset be- 
cause of the differential thermopile 
connection between the two. The mag- 
nitude of temperature separation was 
determined by adjustment of the vari- 
able suppression voltage in series op- 
position with the thermopile output. 
The difference voltage of these two 
units was applied to a recorder-con- 
troller identical to the one used for 
the iower bath. Any change in the de- 
sired temperature differential is cor- 
rected by controller voltage adjust- 
ment to the heater wound on pump 
discharge pipe. Fig. 5 shows the equip- 
ment and controls as assembled for a 
crystal run. 
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The adjustment marked “rate” con- 
trols the current flow through the three 
helipot potentiometers. The first heli. 
pot marked “manual suppression” is 
for making large voltage suppression 
changes at high temperatures, The 
second helipot marked “automatic sup- 
pression” is a ten turn helipot powered 
by a_ reversible motor. The moto 
drives the helipot shaft through a fric. 
tion clutch and lock nut mounted op 
the front panel. The helipot has a fixe 
travel rate of one turn per day, By 
means of these adjustments and the 
reversing switch on the motor the 
temperature or temperature difference 
can be caused to increase or decrease 
through any temperature range for 4 
maximum period of ten days at any 
required temperature rate. Nearly the 
same care and principles of good con. 
struction that are observed in the ag. 
sembly of a precision potentiometer 
are necessary in the construction of a 
suppression voltage source. The chief 
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The components and devices of the 
measuring and controlling systems for 
the upper and lower baths were sim- 
ilar in design and operation, differing 
only in operating ranges and output 
values. Therefore we shall discuss the 
units or components separately without 
reference to their location except when 
necessary to bring out differences. 

The temperature sensing elements 
were bare junction thermopiles. Each 
thermopile was comprised of ten junc- 
tions of number 25 gauge iron and 
constantan wire. The separating in- 
sulation was fiber glass sleeving. The 
zero of the differential thermopile was 
determined by immersing both junc- 
tions in a light oil in a Dewar flash 
and reading the resulting small voltage 
on a potentiometer after agitation had 
produced equilibrium. The, thermopiles 
are immersed bare in the bath oil and 
down stream from the immersion heat- 
ers so shielded as not to be exposed to 
the direct radiation of the immersion 
heaters. This thermopile is very sensi- 
tive to radiation, Accidently shining 
the illuminating lamp on its junction 
quickly sends the recorder off scale. 
The absolute thermopile used checked 
to better than .1° C. against a standard 
resistance thermometer. Two suppres- 
sion voltage sources are required, one 
for the absolute temperature controller 
and the other for the differential tem- 
perature controller. They were identi- 
cal in construction. Their operation is 
illustrated by Fig. 6. 





acy is not needed and also that slow 
drifting (about .05 mv. per _ hour) | 
would not interfer with the tempera- 
ture program control. No difficulty 
was encountered in meeting these re- 
quirements. Since this device is oper- 
ating continuously for long periods of 
time it must have large capacity con- 
stant potential batteries to minimize § 
voltage drop due to battery drain. The | 
parts of this device which are slightly 
temperature sensitive are protected | 
against ambient temperature changes | 
by an internal thermostat, small lamp 
heaters and insulation. 

Either the “Le Carbon” battery (air 
cell) or the Columbia Gray Label bat- 
tery. are excellent components, The 
current drain from these batteries is | 
usually about 1 ma. and the maximum 
about 15 ma. All the d.c. lines and 
components were carefully separated 
and shielded from the a.c. lines and 
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Fig. 7 Variable Suppression Voltage Unit 





1.8.A. Journal—Page 





May 1951 








Fig. 


compo 
bility 
helipo 
stant 
metal 
were | 
motor 
slide 
these 
drain 
chang 
in de 
The a 
showr 
The 
the d 
and tl 
cireuls 
The r 
With 
mopil 
span 
unifo} 
absolt 





Page 





Fig. 8 Pneumatic Operator for Variac 


components. This was to remove possi- 
bility of a.c. “pickup.” The battery and 
helipots which were to be held at con- 
stant temperature were enclosed by a 
metal cover. The thermostat and heater 
were located in the outer space with the 
motor. Precision resistors and helipot 
slide wire potentiometers were used in 
these units. Protection against battery 
drain and against ambient temperature 
changes were points of most importance 
in designing these suppression units. 
The appearance of a completed unit is 
shown in Fig. 7. 

The instruments used for measuring 
the difference between the thermopile 
and the suppression source voltage are 
circular chart electronic potentiometers. 
The range in each case is 3 millivolts. 
With ten junction iron-constantan ther- 
mopiles this represents a temperature 
span of 5.45° C. The chart has 100 
uniform divisions. The recorder for the 
absolute temperature thermopile (in 
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control 


lower bath) was calibrated with zero 
millivolts with pen at chart zero. The 
recorder for the differential thermopile 
however has a suppressed zero, so that 
zero on the chart corresponds to —2.0 
millivolts and full scale to + 1.0 milli- 
volts. The control point then in either 
case would be set at some arbitrary 
value well up scale and then the actual 
operating temperature or the tempera- 
ture differential achieved through ad- 
justment of the corresponding suppres- 
sion voltage. 

These recorders have a pneumatic 
output whose maximum air 


pressure usually carries about 30 per 


Fig. 9 Motor Driven Variac 


cent of the total heating load. Both 
controllers have adjustable control 
sensitivity and reset rates. Settings on 
the throttling range were from 4 to 10 
per cent. A small amount of reset ac- 
tion was also required. The pneumatic 
output of the controller was mechanic- 
ally converted into an electrical volt- 
age change by a device mounted be- 
hind the controller case. Fig. 8 shows 
one of these units. The controller air 
output pressure was applied to a bel- 
lows operator which had a positioner 


air-relay built into it. The linear mo- 
tion of a rod from this operator drives 
a rack across a gear mounted on the 
brush shaft of the variac causing the 
brush arm to rotate a 8 to 15 psi. pres- 
sure change will produce a full rota- 
tion of the variac. The voltage from 
these variacs supplies the immersion 
heaters in the baths which we’ve re- 
ferred to as the automatic heaters. 

After the throttling range and reset 
rate adjustments were found, it was 
possible to set the control cam contacts 
to 5 per cent above and 5 per cent be- 
low the control point. The actuation of 
these contacts causes a reversible mo- 
tor mounted on a variac to either in- 
crease or decrease the voltage on the 
semi-automatic heaters. The motor 
drives the variac brush through a fric- 
tion clutch at the rate of a full span 
rotation in 80 minutes. This device 
only functions during the more rapid 
and less critical stages of the process. 
For it to operate the automatic heat 
variac must have reached its limit of 
rotation and the temperatures have 
drifted 5 per cent above or below the 
control point. During the day time the 
operator seeing any control variac near 
its limit of travel would make a com- 
pensating adjustment on the comple- 
mentary, manual or semi-automatic 
variac. Fig. 9 shows one of these semi- 
automatic variac drive units. 

A record of the kind of control possi- 
ble with this equipment is shown by 
Fig. 10 and 11. Fig. 10 shows a day’s 
record of temperatures in the lower 
and upper bath during the critical 
growing period. The lower bath was 
fixed at 220° C. and the upper bath was 
cooling at the rate of 0.2° C. per hour. 
The temperature difference between the 
upper and lower bath was 10° C. at the 
end of the day. Fig. 11 shows two ex- 
amples of the semi-automatic heater 
coming into operation and bringing the 
temperature back into the control zone 
of the automatic heater. 

This equipment was designed for ex- 


Fig. 11 
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perimental work rather than for rou- 
tine production of crystals. It is being 
used to advance the art of growing 
crystals of different materials by vari- 
ous methods. As the use and informa- 
tion about crystals and their associated 
instruments in radioactivity measure- 
ments increase, purer materials and 






















Abstract. The author graphically demonstrates 
the relative time requirements for control re- 
covery with mechanical, electrical, and dia- 
phragm type transmitters and their location 
in relation to controllers. He discusses the 
desirability of control devices receiving un- 
damped signals and advocates that sensing 
element operating the controller be independent 
of that operating the recording pen. Expected 
improvement with ch of dist between 
transmitters and controllers are analyzed, being 
relatively small for tubing distances less than 
400 feet but increasing rapidly above this dis- 
tance. 

HE HISTORY of instrumentation 

has been one of continuous probing 
into possibilities of finding means for 
measurement and control of new vari- 
ables and of discovering improved 
means for measuring the old variables 
and controlling them. It is in fact a 
keystone of industrial and _ scientific 
progress in this country and throughout 
the world. 

In these days instrument engineers 
are generally not satisfied merely to 
measure a variable but also want to 
apply automatic control. As new or 

. improved means for measurement are 
found, the possibilities of consequent 
improvement of automatic control need 
to be explored in each instance. Often- 
times the success of the venture is de- 
pendent entirely upon the automatic 
control principles applied with the meas- 
uring means to produce over-all suc- 
cess. Tailoring of control systems to 
fit the specific characteristics of a meas- 
uring device can often make the differ- 
ence between success and mediocrity. 








* Minneapolis-Honeywell Regulator Co., Brown 
Instruments Division, Philadelphia, Pa. 

NOTE: Presented before the Fifth 
Convention of the Instrument Society of America, 
at Buffalo, N. Y., Sept. 12-18, 1950. 
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Fig. 1. 1940 Model Differential Converter, 1:1 ratio. 


more nearly perfect crystals will have 
to be produced. 
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Automatic Control of Flow 
in the Process Industries 


By A. E. Krogh* 


The automatic control instruments 
and devices with which we are so fa- 
miliar today were developed and per- 
fected in the last three decades largely 
in the work done to accomplish flow 
control. As such, they have been based 
upon the use of U-tube type meters 
measuring the differential pressures 
created by flow through primary ele- 
ments, such as orifices, nozzles, and 
venturi tubes. In passing, it is perhaps 
worth noting that, while these primary 
elements have many shortcomings, this 
method yet remains the most practical 
and generally adequate means of cre- 
ating a measurable response to flow, 
partially because of the great volume 
of reliable data available on co-effi- 
cients. 


DIVERSE APPROACHES TO FLOW PROBLEM 


A study of basic flow-metering meth- 
ods made by us some six years ago 
revealed some 30 basically different 
ideas proposed by various people in the 
years gone by to which our research 
men and technicians added a number 
of others. Some of these were further 
explored by our research men. The 
gains possible from these other methods 
were quite limited and in any case 
were not sufficiently attractive to war- 
rant the extensive work needed to set 
up new coefficients. There were, how- 
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TRANSMITTER 
A desire to get away from mercury. 


filled U-tube meters has always existe 
in chemical industries, particularly 
those applications where corrosion ani 
sludge were major factors. On sud 
installations, maintenance of seals ani 
of meter bodies has been very trouble! 
some. Thus, these users have been ant 
are very receptive to any devices whic) 
promise to improve the situation ma. 
terially, even at some sacrifices of ac. 
curacy and/or reproducibility. 

Variable-area meters have earned for) 
themselves a well deserved place in 
these industries because of their rela- 
tive freedom from corrosion troubles 
and are now available with recording 
instruments and automatic control. 
They have not, however, been generally 
acceptable as a complete answer for 
many applications. 


— 


Use OF MERCURYLESS METERS 


The use of bellows-type meters in 
flow measurement also goes back a 
good many years, and several commer- 
cial forms were on the market in the 
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It is believed that at least some of 
the blame for this situation rests upon 
a necessity for re-examination of the 
control devices when new measuring 
devices of radically different behavior 
are applied, as in this instance. Some 
of the attempts made to overcome the 
difficulties increased the complexities 
of the over-all system to a harmful 
degree. A more basic approach was 
indicated. 
ee forms of mercuryless differen- 
tial measuring means have been in use 
for many years. My own company 
made and sold a large number of what 
we called Differential Static Converters 
in the period of 1935 to 1940. These 
devices are illustrated in Figs. 1 and 2. 

These units were quite successful 
though they lacked complete facilities 














lot of “hash” or “noise”, to use the 
terms of the electronic trade. To some 
extent these effects have always been 
giving trouble and most mercury U-tube 
meters are equipped with restriction 
means to partially overcome the prob- 
lem. On mercuryless meters, however, 
the difficulties are increased due to 
their low inertia. 

It is possible to decrease the sensi- 
tivity of bellows and diaphragm meters. 
The liquid-filled bellows-type sealed 
meter is an example of such possibili- 
ties. When so restricted, these meters 
behave very similarly to mercury-type 
meters, but many dry meters do not 
have such facilities and probably should 
not have them for reasons of automatic 
control. 

In these meters, the high response 
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Fig. 3. Typical arrangements of flow control test equipment. 


for calibration and adjustments. They 
were however, entirely dependent upon 
the supply of compressed air. When 
that supply became dirty or failed, the 
system was unworkable. These short- 
comings were considered serious enough 
to discontinue this work for, in such 
meters, no flow indication can be had 
unless the air supply is continuous. 
In many plants the air supply was quite 
unreliable. 

In the last decade there has been 
much improvement in the reliability of 
supply air for instruments and _ this 
is particularly true in chemical plants 
and refineries. Today therefore we 
now find users in such plants amenable 
to sensing devices dependent upon this 
external power for their indication. 

The way seems open, therefore, for 
manufacturers to perfect pneumatic 
transmission devices of this type. Some 
such devices are already available, and 
we shall undoubtedly see additional 
inde converter units on the mar- 
et. 


SENSITIVITY IN FLOW MEASUREMENT 


A characteristic of both bellows-type 
and diaphragm-type differential meters 
is their inherent high sensitivity. They 
tend to respond to each and every small 
disturbance in the line. Since the flow 
In many lines is turbulent in some de- 
gree, the effect is that we measure a 


speed causes a recording pen to create 
a paint-brush effect which is neither 
pretty nor useful and which imposes 
harmful, useless wear on the instrument 
as well as on the observer’s eyes. To 
overcome this, the usual procedure is to 
restrict the transmission line. Where 
the flow is noisy, this restriction must 
be pretty tight. 

Now, it is one -thing to restrict the 
measuring device in order to assure 
that the indication is readable and that 
the record line lose its “paint-brush” 
appearance. It is quite another thing 
when the restriction is inserted into 
an automatic control servo-loop. We 
must not forget that in a servo-loop 
the sensing and transmission system 
is as much a part of the control system 
as the control valve and the process 
itself. 

Certainly, many have had the ex- 
perience of learning that the setting of 
the controller adjustments and that of 
the meter body restriction were inter- 
dependent, i.e., the tighter the measur- 
ing system restriction, the more one 
needed to reduce the proportional band, 
and so on. With low inertia systems 
this difficulty is even more pronounced. 
In spite of all this, the operator still 
needs a damped instrument. 

It is a cardinal principle of automatic 
control that high speed in detecting 
variations and the application of re- 
medial steps will tend to improve re- 
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sults in terms of holding the variable 
to the desired value. In some applica- 
tions this can be over-done and can 
cause disturbances elsewhere in the 
process which it sometimes is more im- 
portant to avoid than the holding of 
the variable under control. Neverthe- 
less, it is generally true that the sooner 
a deviation is detected and corrective 
action applied the better the variable 
will be held. 

Our controller therefore should have 
an unrestricted response to-the trans- 
mitter signals while the recorder should 
be damped. Also, when highly sensi- 
tive measuring devices are employed, 
the controller function should be sep- 
arated from the recorder function. The 
use of pneumatic or electric transmis- 
sion in the measuring system lends it- 
self beautifully to such separation. 

In separating the control function 
from the recording function, we are 
able to take advantage of the increased 
response speed of the detecting system 
and we also gain the ability to locate 
the controlling mechanism where we 
choose. We may locate it at the valve 
or at the control board or anywhere 
else within the practical limits of trans- 
mitting pneumatic intelligence. To de- 
termine the effect of locating the con- 
troller at various distances from the 
valve, a series of tests were made by 
us. 


TESTS OF FLOW CONTROL SYSTEMS 


The tests were carried out by install- 
ing a hydraulic system, including a 
pump, an upsetting valve capable of 
sudden adjustments, an orifice, and a 
control valve without positioner, in 
series in a loop beginning and terminat- 
ing in a reservoir under atmospheric 
pressure. The system was_ supplied 
with water, and a continuous “noise” 
disturbance equivalent to about two 
percent was imposed by the pump op- 
erating at about 40 psi. 

The differential created was simul- 
taneously measured by means of the 
following systems, each calibrated for 
100 inches water differential: 

(a) an indicating mechanical flow 
meter transmitter connected to a pneu- 
matic receiving instrument, 

(b) an inductance bridge type flow 
meter transmitter and receiving instru- 
ment, 

(c) a blind differential converter of 
diaphragm type wherein the pressure 
differential is balanced by the output 
pressure which in turn was measured 
on a pneumatic receiving instrument. 

No restrictions were applied in the 
U-tubes, the connecting lines, or in the 
recorders. The latter were equipped 
with high-speed chart drives to facili- 
tate analyses of the records obtained. 

Tubing was coiled in 18-inch diameter 
loops and all joints were tested when 
made. Autothatic control was accom- 
plished by blind pneumatic controllers 
and alternately by recording controllers. 
In the case of the inductance bridge, 
the latter is the only practicable sys- 
tem. 

No valve positioner was used since 
flow control field installations are be- 
lieved to be without them in most cases. 
Fig. 3 shows schematically the types of 
systems tested. 


TEST RESULTS 


Many hundreds of tests were made. 
The fact was verified that the use of a 
mercuryless transmitter with unre- 
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stricted pneumatic transmission to a 
controller makes it possible to correct 
a 15 percent change in flow consider- 
ably faster than a mechanical trans- 
mitter system can with the same con- 
troller in the same location. While this 
criteria of recovery time is not used 
in most textbooks and articles on auto- 
matic control theory, it is significant 
here and deserves mention. Some of 
the data obtained is illustrated in Fig. 
4 


Starting from a base with which 
many are familiar, such as the behavior 
of a mechanical-meter transmission 
system with the receiver-controller lo- 
cated 160 feet from the transmitter 
and from the valve, note that there is 
nearly 80 percent reduction in time 
when a diaphragm transmitter is sub- 
stituted for the mechanical meter. When 
a locally-mounted controller is used, 
there is a further reduction of about 
12 percent. 

The electric and mechanical trans- 


tions the improvement of diaphragm 
transmitting systems over mechanical 
transmitters is of the order of 90 per- 
cent, while for panel-mounted installa- 
tions at 200 feet distance it is about 
75 percent, and at 300 feet it is only 
56 percent. 

The electric transmitter shows less 
improvement over the mechanical when 
locally mounted as we would expect 
since both are lagged by the inertia 
of mercury. However, when distances 
increase, the electric transmission tends 
to offset the mercury inertia and at 
300 feet the electric and the diaphragm 
types approach each other rather 
closely. The two systems appear to 
have equal lags at about 350 feet. 

Additional conclusions can be drawn 
from this data to show the relative im- 
provement possible in changing from 
one type transmitter to another and 
in changing controller locations. (See 
tables I and IT). 
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100 200 300 
CONTROLLER LOCATION IN FEET FROM 
TRANSMITTER AND FROM VALVE 
Fig. 4. Relative time required for control re- 
covery with various types of transmitters and 
controller locations. 


mitters exhibit identical behavior in 
respect to recovery time when con- 
trollers are locally mounted but differ 
greatly, as could be expected at greater 
distances. Note how relatively flat the 
curve is for systems using electric trans- 
mission. It is much less affected by 
distance than the other types. 


A more commonly used basis for 
comparison is that of relative areas 
under recovery curves. We are not 
fully convinced that this is a better 
basis in this instance, since operators 
are basically concerned with speed of 
recovery; but the final results are simi- 
lar on either basis, and we shall con- 
form to conventional practice. The re- 
covery curves were in each instance 
produced by a recorder connected to 
the controlling transmitter. 


ANALYSIS OF RECOVERY CURVES 


Fig. 5 shows a set of data similar to 
the preceding but now illustrating the 
relative areas under each recovery 
curve. Note that in all cases there is 
an increase in area with increased 
distance. Note again the nature of the 
curve for the electric meter. As the 
distance is increased, this curve rises 
only slowly. We believe this due to the 
fact that, when electric transmission 
is used on one side, the effective lag 
increase with increase in tubing is 
only one half that for systems using 
pneumatic transmission throughout. 

Fig. 6 illustrates in a different man- 
ner the improvements obtainable by the 
use of diaphragm-type transmitters. 
Note that for locally-mounted installa- 
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100 200 300 
CONTROLLER LOCATION IN FEET FROM 
TRANSMITTER AND FROM VALVE 


Fig. 5. Relative areas under recovery curves 
with various types of transmitters and controller 
locations. 


TABLE I—PERCENT REDUCTION IN RECOVERY- 
CURVE AREA BY CHANGING TRANSMITTER TYPES 


From 


From From 
Original Mechanical Electric Mechanical 
Distance to to to 
(feet) to Electric Diaphragm Diaphragm 


Controller Transmitter Transmitter Transmitter 


5 21 
160 31 
300 44 


90 
68 


99 


92 
78 
56 


TABLE II—ApprEep PERCENT IMPROVEMENT 
tY ADDITIONALLY CHANGING TO 
CONTROLLER DISTANCE OF FIVE FEET 


From From From 
Former Mechanical Electric Mechanical 
Distance to to to 
(feet) to Electric Diaphragm Diaphragm 


Controller Transmitter Transmitter Transmitter 





14 
36 


9° 


68 


(See note) 
(See note) 
Note—Electric Transmitters not readily adapt- 
able to controllers mounted apart from 
receiving instruments. 


We have concluded that the use of 
high-sensitivity mercuryless transmit- 
ters represents the major improvement 
and that the additional gain possible by 
mounting the controller nearer the 
valve is of lesser magnitude. Further- 
more, it may in some ways be undesir- 
able. 

Our firm recently interviewed a large 
number of representative users of flow 
control in the chemical and petroleum 
process industries. Among the ques- 
tions asked was “What should a good 








flow control system do better than ¢ 
now available?” The answers 
unanimously to the effect that the 
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feet of their control houses, we 
er this important from two stand- 


pony Instrument engineers have 
worked diligently for many years to 
have control equipment located within 
instrument houses for ease of adjust- 
ment and maintenance. _We see little 
se in giving up this accomplish- 
for a theoretical improvement. 
In a good many cases it seems one may 
have his cake and eat it too. 

(2) We have pointed out the near 


I necessity of having the recording func- 


tion separated from the controller in 
these systems. This in turn requires 
that a set-point signal must be sent 
from the instrument board to the con- 
troller even if the latter be located di- 


J rectly behind the panel. This and the 


need for panel-mounted by-pass facili- 
ties in turn requires the use of four 
copper tubes from the board to the 
controller, but these tubes can be short 
when the controller is located in the 
instrument house for then only one long 
tube need go to the valve and one to 
the sensing unit. Since tubing and in- 
stallations are costly and a saving of 
about $0.50 per foot is possible, we 
commend location of controllers in the 
instrument house, except where the con- 
trol is critical or the distance excessive. 

When the total distance is much 
greater than 200 feet, the quality of 
control becomes poorer and the adjust- 
ments more critical. We feel that the 
total (measuring plus controlling) tub- 
ing distance should preferably be no 
more than 600 feet except under condi- 
tions of great process stability. 


POSSIBILITIES OF SIMPLER 
CONTROL MODE 


At the 1949 Instrument Society of 
America Convention in St. Louis, David 
M. Boyd, Jr. presented a paper on 
“Process Control by Graphic Panel*,” 
in which he gave some field-test data 
on flow-control systems and stated: 

“A market appears for a small, simple, pre- 
engineered proportional speed floating controller, 
preferably one that could be mounted right on 
the control valve.’’ 

Such a controller would, of course, 
respond only to reset and have an infi- 


nite proportional band. 


We were particularly interested in 
this proposal since it was identical to 
one made in 1940 by Dr. Donald P. 
Eckman, author of “Fundamentals of 
Instrumentation and Control’, then in 
our employ and now at Case Institute 
of Technology. We carefully analyzed 
Eckman’s work and thereupon insti- 
tuted an additional series of tests dur- 
ing which we found that it would indeed 


4 be possible to apply simple adjustable- 


speed floating control to many flow 
applications. 

Such a controller can be adjusted to 
give very fast corrections when needed, 
but the characteristics of the valve 
used become more important and, when 
and as these change materially, re- 
adjustment is required. Since many 
valves are required through wide ranges 
and conditions do not always remain 
constant and ideal, we consider the 
— floating controller impractica- 
The idea, however, has merit and 
further work showéd that with propor- 
tional-band-plus-reset controllers the 
automatic reset could be made to do 


en 
P *LS.A. Journal Section of Instruments, Vol. 
22, No. 11, pp. 1054-1057, Nov. 1949. 
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most of the work and the proportional- 
band adjustment could be left fixed at 
some high value, such as 100 percent. 
Such a controller, from which the pro- 
portional-band adjustment has been re- 
moved, when connected to a valve in 
the same line as the measuring element 
and located at the valve will accomplish 
comparable results to that obtained by 
a controller with a full range of adjust- 
ments on both the reset and the propor- 
tional band under the same conditions. 

For effective control, however, such 
a unit must necessarily be located at 
the valve, while the adjustable-band 
proportioning controller may with prac- 
tically equal result be located in the 
instrument house. Since a fixed-band 
proportioning controller is a device 
which is essentially only suitable for 
use with flow control while an adjust- 
able-band device of similar design is 
universally applicable and can be lo- 
cated anywhere within practical limits, 
we anticipate that practical instru- 
ment men will prefer to use the more 
universal controller for all installa- 
tions. 


SUMMARY OF CONCLUSIONS 
To sum up then, our conclusions are: 


(1) Recording instruments required 
to operate from diaphragm-type flow 
transmitters require damping. 

(2) Control devices should receive 
undamped signals to obtain maximum 





response speed and rapid control re- 
covery. Therefore the sensing element 
operating the controller should be sep- 
arate from that operating the recording 


pen. 

(3) When diaphragm-type transmit- 
ters are thus used with independent 
controllers, great improvements are pos- 
sible both in respect to recovery-curve 
area and recovery time over the values 
fuond when mechanical transmitters 
are used. 

The improvement ratio is greatest 
(92 percent) where both systems are 
locally mounted, but, even for distances 
of 300 feet, the improvement possible 
is in the order of 56 percent. 

(4) To obtain maximum speed of 
control response, the distance between 
the meter through the controller to the 
diaphragm motor should be a minimum 
although we consider that this maxi- 
mum response speed has little practical 
value in most of today’s processes. 

(5) Improvements due to change in 
controller location for given types of 
transmitters are relatively small but 
increase rapidly as total (measuring 
plus controlling) tubing distances above 
400 feet are encountered. 

(6) For practical purposes we may 
in most cases permit up to 400 feet 
total distance from the meter through 
the controller to the valve, and the con- 
troller may be mounted on or near the 
panel, thereby reducing installation and 
maintenance costs. 
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EMPLOYMENT SERVICE 
Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
921 Ridge Ave., Pittsburgh 12, Pa. 








ENGINEERS AND SCIENTISTS. Unusual op- 
portunities for outstanding and experienced 
men. These.top positions involve preliminary 
and production design in advanced military air- 
craft and special weapons, includi guided 
missiles. Immediate positions include: electronic 
project engineers, electronic instrumentation 
engineers, radar engineers, flight test engineers, 
stress engineers, aero- and thermodynamics, 
servomechanists, power plant installation de- 
signers, structural designers, electromechanical 
designers, electrical installation designers. Ex- 
cellent location in Southern California. Gen- 
erous allowance for travel expense. Give resume 
of experience and training in first letter. 
Northrup Aircraft. Box 465. 


PHYSICAL CHEMISTS, CHEMISTS, PHYS- 
ICISTS. Responsible positions in a diversified 
program of re:earch on the development and ap- 
plication of modern physical instrumentation 
to an expanding Gulf Coast chemical industry. 
Broad program of investigation will include 
ultra-violet and infrared spectrometry, mass 
spectrometry, refractrometry, potentiometric 
devices, thermal conductivity, dielectric con- 
stant, etc. Conventional instruments are being 
evaluated and modified and new and original 
ones developed. These positions are in the re- 
search department and are closely integrated 
with the development of new products and 
processes. They will require originality and in- 
genuity. Experience desirable but not essential. 
Salary commensurate with qualifications. Please 
give full educational and employment back- 
ground and salary expectations. Monsanto 
Chemical Co. Box 466. 


(INSTRUMENT ENGINEERS. Well established 
manufacturer of industrial instruments and 
controls is enlarging its staff of application, 
product and development engineers. Open to 
B.S., M.S., or Ph. D. in electrical, mechanical 
or chemical engineering. Submit personal, edu- 
cation and experience data leading to interview. 
State salary requirements. Replies held con- 
fidential. Location Eastern Seaboard. Box 467. 





INSTRUMENT ENGINEER. Permanent ap- 
pointment for man between 25 and 35 years of 
age and A 1 medical category. Must be capable 
to select proper equipment for new jobs and 
interpret results and calculate correction factors 
for instruments. Must have experience and 
ability to organize instrument maintenance. 
Location Montreal, Canada. Box 468. 


INSTRUMENT ENGINEER. Man with back- 
ground and desire sufficient to handle electrical 
instrument department—potentiometer controls 
or recorders, bridges and/or galvanometers and 
servomechanisms. Must be capable of initiating 
designs and handling developments and appli- 
cation. Give experience, education, age, refer- 
ences and salary expected. Replies confidential. 
Location West Coast. Box 469. 


INSTRUMENT TECHNICIANS. Several years 
experience repairing, testing, calibration on 
major makes of instruments and controls such 
as Brown, L. & N., Bailey, Taylor and Foxboro. 
Education 2 yrs. college or equivalent. Age 
25-50. Permanent positions. Furnish full details 
including salary expected. Location Detroit 
area. Box 470. 


INSTRUMENT LAB. CLERK. With typing ex- 
perience to maintain records of stock and rou- 
tine recording of instrument repairs. Permanent 
position. Write full details. Location Detroit 
area. Box 471. 


TECHNICAL CORRESPONDENT. (Pyrometer 
experience). Degree required. Must have thor- 
ough knowledge of pyrometers and accessories 
and be capable of figuring and submitting 
quotations and handling technical letters and 
telephone inquirits. Replies confidential. Salary 
open. Permanent position. Give full particulars 
in first letter. Location Illinois. Box 472. 


SALES AND SERVICE ENGINEERS. M.E., 
E.E., or Ch. E. with few years industrial ex- 
perience. Locations: Seattle, Wash.; Detroit, 
Mich.; Charlotte, N. C.; and New York, N. Y. 
Fine opportunity for young engineers with sales 
or service aptitude to connect with one of the 
fastest growing industrial instrument companies 
in the U. S. Box 473. 


SALES ENGINEERS (two). M.E., E.E., Ch. E. 
to be located at factory for an indefinite period 
of time but eventually to be placed in large in- 
dustrial cities of the U. S. Men must be flexible 
in regard to transfers. Large industrial instra- 
ment company. Box 474. 
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R. A. Nederhood, 2003 muee St., Richland, 
Washington. Tel. 5-4442 

Second Wednesday, Meeting at 7:30 P.M., 
American Legion Hall. 


ROCHESTER 
R. C. Schwarz, Jr., 1201 Granite Bidg., 
Rochester 4, N. Y. Tel: Monroe 4610R 


Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 


SARNIA 
J. J. Connors, 272 Elgin St., Sarnia, Ontario, 
Canada. Tel: 1970 W 


Second Friday, 8:00 P. M., Moose Hall. 


SOUTH MICHIGAN 
W. J. Sprau, 2509 S. Rose St., 
Mich. Tel: 4-7012. 
Fourth Wednesday, 8:00 P. M., Dinner at 6:30 
P. M., Chicken Charlie’s, Kalamazoo. 


ade TEXAS 
C. Givens, La Gloria Corp., P.O. 637, Fal- 
Teen Texas. Tel: 122-W 
First Wednesday. Meeting at 7:30 P.M. 


Kalamazoo, 
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ST. LOUIS 
W. G. Lee, 4710 Delor St., Tel: FL 8516. 
First Wednesday, Meeting at 8:00 P.M., Engi- 
neer’s Club of St. Louis. 


TOLEDO 
Morris L. Conner, 925 4% Toledo, 
Ohio. Tel: MA 9403 
Third Tuesday, Meeting at 8:00 P. M., Service 
Bldg., Toledo Edison Co. 


TENNESSEE 

N. M. Taylor, 16 Edgewood, Kingsport, Tenn. 
Tel: 3338] 

No definite night, Dinner at 6:45 P.M., Meet- 
ing at 8:00 P.M., Hall’s Dining Rm., Bristol 
Hwy., Kingsport. 

TULSA 

J. J. Fox, Phillips Petroleum Co., Bartlesville, 
Okla. Tel: 6600 Ext. 501. 

First Monday, Meeting at 7:30 P.M., Engi- 
neering Bldg., Tulsa Univ. 


Sherman St., 


Symposium on Panel Board Design 


A two-session, four-paper symposium 
on the “Philosophy of Panel Design” 
was conducted by the New Jersey Sec- 
tion ISA on April 13, 1951 at the Essex 
House Hotel in Newark, N. J. Total 
attendance was in excess of 300. 

Papers and speakers were: “Human 
Instrumentation,’ Commander L. S. 
Beale; U.S.N. M.C. Office of Naval Re- 
search Special Devices Center; “Stand- 
ardization of Panel Design,” Robert L. 
Hurley, Jr., E. I. duPont de Nemours 
& Co.; “Comparative Costs of Conven- 
tional, Graphic and Condensed Instru- 
ment Panels,’ W. A. Hagerbaumer, 
Socony Vacuum Oil Co.; “The Future 
of Graphic Panels In Process Control,” 
E. J. Grace, Jr., Sun Oil Co. 

Commander L. S. Beale began the 
symposium with a presentation of the 
principles involved in presenting data 
to the human machine. This approach 
is usually termed humanistic engineer- 
ing. Beale drew on the lessons which 
have been learned in the design of air- 
craft instrument panels. The difficulties 
of coordinating the man and the ma- 
chine through a suitable control panel 
have resulted in considerable research 
on proper design principles for such 
aircraft panels. 

Robert L. Hurley, Jr. treated the 
standardization of panel design by 
outlining some of the history of panel 
board practices at duPont and by men- 
tion of some of the practices which 
have been standardized to obtain the 
benefits of lower construction, equip- 
ment, and engineering costs. Hurley 


E. J. Grace, 
sents 
tion’s 


Jr., Sun Oil Co., pre- 
paper before New Jersey Sec- 
symposium on panel design. 
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covered the factors which lead duPont 
into large scale use of the flow plan 
type control board. The extent to 
which such designs can be standardized 
was discussed, with remarks directed 
at probable future trends of such de- 
signs for batch and continuous proc- 
essing units. The impression was 
gained that the flow plan type control 


Panel Length: 


Conventional 22 ft. 

Graphic 18 

Condensed 12 

center will, in large measure, super- 


sede for most continuous processing 
units, the more conventional panel 
board with large instruments.. An out- 
standing point made by Hurley was that 
such a graphic presentation of data 
to operators has proven of appreciable 
value for locations where inexperienced 
personnel were to be trained as process 
operators. 

W. A. Hagerbaumer presented a case 
history of the design of three types of 
control centers for a thermal reformer 
unit with fractionation facilities. The 
basis used in a comparative analysis 
of cost was that for all designs the 
same number of points were to be re- 
corder, indicated, and controlled. The 
three types of control centers compared 
were called the conventional, the graph- 
ic. and the condensed. The conventional 
design utilized present conventional 12- 
in. dia. round-chart recorders and con- 





TWIN CITIES 
Alden Hine, c/o Pinkney & Hine, 
mouth Bldg., 
Lincoln 0528. 
Fourth Tuesday, Dinner at 6:30 P, 
man Memorial Union, U. of Minn ~ ry 


WASHINGTON 
Raymond E. Miller, 20-224 Naval Ord. Leb, 
White Oak, Md. Tel: JU 17-6742 


Third Monday, Meeting at 8:00 P.M., P. E, p 
Co. Auditorium. 


WAYNE COUNTY 
Robert Karr, ~~ Biddle Ave., W. 
Michigan. Tel. 01673 a 
Third Monday, Stocting at 8:00 P.M., 
Cafe, Lincoln Park, Mich. 


WILMINGTON 
J. E. Charsha, Jr., Hammel-Dahl Co., 
Washington St., Wilmington 11, Del. ey 
2-6694 
Third Tuesday, ate at 8:00 P.M. Harlay 
Public School, Wilm. 


Minneapolis 3, Mine ta, 


Larson's 


trollers. The graphic design utilized 
the newer, small strip-chart recorders 
which can be applied directly to the flow 
plan which is the background of the 
panel control board. The condensed 
design used the new small strip chart 
without the flow plan background, plus 
a number of multiple record instrv. 
ments, to reduce the number of indi- 
vidual instruments on the board. 

The cost comparison (rounded to the 
nearest $100) tabulated as follows: 


Cost: material & Cost: material, instruments 


equipment: & control room space, con 
tractor fees & overhead: 
$16,000 $24,400 
15,800 23,400 
14,900 20,800 


At the evening session E. J. Grace, 
Jr. discussed the future of graphic 
panels in process control. Grace told of 
Sun Oil Company’s recent installation 
of telephone type switching equipment 
for reducing the cost of wiring for in- 
stallations involving a large number of 
thermocouple extension leads to con- 
trol houses. Installations using up to 
700 thermocouples in a single control 
center were described. A feature of 
such installations was the use of a scan- 
ning system tied into the critical ther- 
mocouples for signaling the operator. 

The use of gamma radiation for the 
measurement of levels and the facilities 
installed by Sun Oil Company for han- 
dling the radium was treated. Grace 
discussed formative designs involving 
high-speed measuring and signaling de- 
vices to be used in an attempt to re- 
duce sizes of control centers and to 
improve the quality of process control. 
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ACCURATE 
CHARTS 


for your Brown Instruments 










& 


HONEYWELL SUPPLIES MAN 





... through your Honeywell Supplies Man 


Wise buyers benefit from the 
provisions of the HSM Plan for all 
instrument accessories. 


In the case of charts, the benefit is two- 
fold. (1) A continuous supply of charts 
means greater recording accuracy .. . 
eliminates the opportunity for damage 
and shrinkage from humidity changes dur- 
ing long storage of large stocks. (2) 
Planned and scheduled purchasing, under 
a blanket agreement, adds convenience 
and saves money. Both are available to 
you through your local Honeywell 









ek 


“BROWN. 





“INSTRU 


Supplies Man... gone are the days of 
confused specifying and hopeful wait- 
ing for delivery. 


Call in your Honeywell Supplies Man for 
a discussion of your chart needs and all 
your instrument accessories . . . he is as 
near as your phone. 


MINNEAPOLIS- HONEYWELL REGULATOR 
Co., Industrial Division, 4482 Wayne 
Ave., Philadelphia 44, Pa. Offices in more 
than 80 principal cities of the United 
States, Canada and throughout the world. 
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OF EXPERIENCE © 


Simplicity 


Correctly engineered mechanically and metal- 


lurgically, all body assemblies of R-S Valves equal 
or exceed A. S. A. standards in every detail. These 
valves are designed and constructed for rugged 
service and provided with such safety factors that 
they will exceed service expectations as well as re- 
duce pumping and blower costs. 

Consider also the few working parts, greater con- 
trol rangeability, the self-cleaning feature and 
the fact that R-S Valves are readily adapted to 


automatic operation. Know the rugged simplicity 





of R-S Valves, and get the most from your valve 





investment. 
District offices are listed in telephone direc- 
tories as, ““R-S Products Corp’n Valves”. 


R-S PRODUCTS CORPORATION 
4600 Germantown Avenue, Philadelphia 44, Pa. 


An S. Morgan Smith Company Subsidiary 
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No. 782—Heavy Duty Rubber 
Seated Wafer Type Valve with 5° 
angle seated vane and enclosed 
gear reduction drive. Gland can 
be removed and stuffing box 
repacked without removing prime 
mover. 


No. 739-740—Sixty-inch, 50-pound 
Heavy Duty Valve with gear reduc- 
tion drive and handwheel for 
handling water at 40 psig. Vertical 
valve stem enclosed in steel pipe 
support. Thrust bearing absorbs 
vertical load. 


No. 730—R-S Heavy 
Duty Floor Stand for 
rugged service in con- 
nection with any 
standard R-S hand- 
wheel operated valve. 


No. 767—A 3-Way Valve (Two 24-inch 
125-pound Cast Iron Valves bolted to 
125-pound American ‘Standard Tee). 
Electric motor operated by cross linkage. 
Automatic declutching handwheel for 
emergency operation. 
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Operation of a Telemetering System 


Which Does Not Use Commercial Power at Transmitter 
By W. L. MASHETER, Meter & Regulator Engineer, Southern 


metering equipment without the 

use of commercial power arose 
when it was decided to telemeter pres- 
sures at several points along the 30-in. 
atural-gas transmission line from 
Blythe, California to Los Angeles. The 
ine, which is jointly owned by the 
Southern California Gas Company and 
he Southern Counties Gas Company of 
California, transmits gas from the El 
Paso Natural Gas Company’s transmis- 
sion line, which terminates at the Cali- 
ornia border at Blythe, to our dis- 
patching station at Spence Street, Los 
Angeles, California. It was desired to 
elemeter the inlet and outlet pressure 
from the three pressure-limiting sta- 
ions located at Shaver Summit, White- 
water, and Olinda, to the recording 
receivers located at the Blythe Com- 
pressor Plant, Southern California Gas 
Company’s Colton Office, and the Spence 
Street Dispatching Station respectively. 
Commercial a-c. power was available at 
the receivers at Blythe, Colton Office, 
and Spence Street Dispatching Station 
at the Olinda Pressure Limiting Sta- 
tion, but no commercial power was 
available at the other two stations. 
By telemetering the inlet and outlet 
pressures at the pressure-limiting sta- 
tions to the dispatching and operating 
stations, it was possible for the oper- 
ating personnel at these stations to 
keep a constant check on the operation 
of the limiting stations and to compute 
the line pack available for withdrawal 
on peak loads or available for storage 
during light gas-consumption. The pres- 
sure-limiting stations, as the name 
implies, limit the pressure in the suc- 
ceeding section of line to a maximum 
set pressure; therefore, thinner walled 


*Presented at the regular meeting of the 


Southern California Meter Association, April 
18, 1951. 


Ta problem of operating tele- 


A eA REE BIN TINSEL SARTRE 
ee 
June Meeting: Thursday the 21st, Rio 
Hondo Country Club, Downey, Calif. 

Dinner at 6:30. Meeting at 8:00 p.m. 


Feature: Industrial Engineering and 
Personnel Problems of Manufacturing 
saga” Plates at Folsom, by Robert C. 
lean, 
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pipe could be used in the line in those 
sections nearer Los Angeles where the 
pressure would always be considerably 
lower when the line was operating at or 
near maximum capacity. 


TELEMETERING SYSTEM 


The telemetering system used was 
made up of (1) Bristol metameter 
equipment, (2) a leased telephone cir- 
cuit for transmitting the impulses, (3) 
a six-volt chronometrically governed 
d-c. motor for powering the metameter- 
transmitter cam drives, and (4) a 
pneumatic switching device for alter- 
nately switching the pressure measured 
and transmitted by the metameter 
transmitter. 

The Bristol equipment.— Although 
there are a number of telemetering sys- 
tems on the market, our Company uses 
the Bristol metameter telemetering 
equipment. This equipment uses the 
impulse system and requires that the 
cam in the transmitter and the gear 
mechanism in the receiver be driven at 
the same speed. The standard equip- 
ment is run at this constant speed by 
a synchronous Telechron-type motor, 
which is similar to the electric motors 
in electric clocks. A-c. power was avail- 
able at the receivers, but no a-c. power 
was available for the transmitters at 
two of the stations. The standard 60- 
rpm. Telechron motor used in the trans- 
mitter requires 6 watts a-c. power and 
has a torque rating of 0.24 inch-ounces 
at 60 rpm. The motor rotates the cam at 
4 rpm. through gearing. The equipment 
also requires use of a single circuit 
bétween the transmitter and the re- 
ceiver for carrying d-c. power (40 mil- 
liamperes for standard equipment). 

Telephone lines.—In the original pre- 
liminary planning of the 30-in. pipe- 
line, telephone service was approved 
where economically feasible at the lim- 
iting stations, and the telephone com- 
pany was approached on the possibility 
of leasing a line for telemetering pur- 
poses as well as for telephone use. 
Fortunately, telephone lines were with- 
in reasonable distances from the limit- 
ing stations and it was possible to 
obtain circuits at a reasonable first cost 


Counties Gas Company 


for extending the telephone line and at 
a reasonable monthly rental charge. 

No power lines were close to either of 
the stations, and the preliminary esti- 
mates of the cost of running power 
lines to the stations were so high that 
this solution was ruled out of further 
consideration. 

The telephone company was ap- 
proached on the idea of transmitting 
the 6 watts of a-c. power necessary to 
run one telemeter transmitter over a 
leased telephone circuit. However, they 
not only frowned on transmitting the 
a-c. power, but had no lines available 
with sufficiently low resistance to per- 
mit transmitting the power without 
exceeding their standards of maximum 
voltage. Of course, the charges for this 
service, if available, would have been 
considerably more than for a single 
d-c. circuit. 

Driving the cam.—In considering pos- 
sible means for driving the cam of the 
metameter transmitter, one of the 
points which had to be considered was 
that it was desired to service the sta- 
tion only once a week and, therefore, 
any type of equipment adopted must 
operate for that time without attention. 
A number of possible methods of driv- 
ing the cam at constant speed were 
considered, including use of a spring 
drive, falling weights, air motors, and 
d-c. motors operating from batteries. 
No commercially built spring drive 
could be found which would rotate the 
cam at 4 rpm. and also run for 7 days 
without rewinding. Likewise, no com- 
mercially manufactured drive using 
falling weights could be found. It was 
found that before World War II a 
company had ‘developed a pneumatic 
motor drive for rotating recording 
charts, which was designed to operate 
from gas pressure. However, it was 
found that this motor had not worked 
as expected in the field and therefore 
was no longer manufactured. A num- 
ber of types of d-c. motors were con- 
sidered, but most of them could not 
maintain a sufficiently constant speed. 

The initial installation utilized a cam 
drive consisting of a 6-volt d-c. motor 
manufactured by the Amglo Corpora- 
tion. The factory specifications stated 


May 1951—IJnstruments—Page 597 











that the motor used 0.25 to 2 watts 
and had a rated torque of 3.3 inch- 
ounces at 60 rpm. The motor had a 
polarized magnetic drive with the elec- 
erical impulses timed by a vibrating 
reed acting at resonant frequency. The 
current withdrawal was found to vary 
little with the load, but varied con- 
siderably between different motors, even 
though they had identical specifications. 





that the A. W. Hayden Company was 
making a chronometrically governed 
d-c. motor designed for continuous serv- 
ice. These motors are rated at 0.5 
inch-ounces of torque at 60 rpm., and 
the manufacturer claims that they will 
operate satisfactorily with a plus or 
minus 20-percent voltage variation, a 
temperature variation of minus 50 to 
plus 150 F., and a load variation of 0 


SWITCHING CONTACTOR 





It was returned to the factory for re. 
pairs. Two spare motors are kept jp 
the Repair Shop to avoid delay in pyt 
ting the transmitter back in service if 
one of the motors should develop 
trouble. 


D-c. POWER Source 


Two sources of d-c. power were tried 
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f sway OLAPHRAGM VALYE 





SILICA GEL FILTER 








Swap acTING PLOT | 





Na 
f\ 
mG 
N ADJUSTABLE 
nO.2 METERING 
VALVES 





ee weer 


rren 

One had a current withdrawal of 60 
milliamperes, another of 95, and a third 
of 120. The speed varied considerably 
with load, temperature, and voltage, 
which resulted in a rather wide line on 
the recording chart. The motor gave 
usable results, although not as good as 
was desired. Some difficulty was ex- 
perienced with the bearings of the mo- 
tor wearing out after several months’ 
service. However, the motor was rela- 
tively cheap and we were satisfied to 
replace the motors until something bet- 
ter could be found. 

About a year and a half ago, an ad- 
vertisement was noted which stated 
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to 200 percent. The motors have a cur- 
rent withdrawal of 40 to 70 milliam- 
peres. The speed of the motors is con- 
trolled by a balance wheel and escape- 
ment unit, which acts to control the 
make and break contacts which supply 
the impulses to drive the motor. A 6- 
volt motor was purchased for a trial 
and was found to maintain a more 
constant speed than the Amglo motor. 
As a result of the test on the motor, 
the 2 stations were equipped with Hay- 
den chronometrically governed d-c. 
motors. The 2 motors have been in 
service for over a year and to date 
only one motor has developed trouble. 


J 3 WAY DIAPHRAGM VALVE | 


TO TELEMETER 
TRANSMITTER 


was made with the Amglo motor. In- 
itially, six 250 ampere-hour 1.2-volt 
carbon-cell batteries were used in se- 
ries. Computations based on the rated 
capacity of these batteries indicated 
that they ‘would last approximately 3 
months. However, they exhibited con- 
siderable voltage drop with continued 
current withdrawal and more cells had 
to be added after about a month to 
keep the motor running. The voltage 
drop caused the speed of the Amglo 
motor to be slowly reduced and, there- 
fore, necessitated frequent adjustments 
in order to obtain a usable chart at the 
receiver end. The carbon-cell batteries 
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were found also to be a rather ex- 

nsive source of power because they 
could not be recharged, and they cost 
ag much as a good automobile storage 
hattery, Which is rechargeable. The 
second source of power consisted of 
a standard 6-volt automobile storage 
battery. Although the storage battery 
also gave a drop in voltage with con- 
tinued current withdrawal, it had bet- 
ter voltage characteristics than the 
carbon-cell batteries and ran the motor 
satisfactorily for two weeks without 
recharging. When the Hayden motors 
were installed, the same 6-volt stand- 
ard storage batteries were used suc- 
cessfully for a time. When new, they 
ran the motor for a month without re- 
charging, but they were usually re- 
charged every two weeks. 

Last year, some nickel-cadmium bat- 
teries were purchased and put into use 
with the Hayden motors. These bat- 
teries use an alkaline electrolyte and 
are advertised for long life and low 
maintenance. Units of five 1.3-volt 30 
ampere-hour cells were purchased. 
These batteries ran the motors for two 
weeks initially, but at the present time 
they run the motors only for about 
a week before requiring recharging. 


SWITCHING SYSTEM 


It was decided to telemeter two pres- 
sures from each of the pressure-limit- 
ing stations. As it was not necessary 
to have a continuous record of the pres- 
sures, we decided to telemeter the two 
pressures at alternate intervals over 
one leased circuit. In order to do this, 
it was necessary that a switching de- 
vice be provided. 

Two types of electrical circuit switch- 
ing systems were considered. The first 
system, which uses two metameter 
transmitters and an electric circuit- 
switching device at the transmitter end, 
is shown in Fig. 1. This method re- 
quires three motors—two for the trans- 
mitters and one for the switching de- 
viee—and, therefore, requires approx- 
imately three times the power needed 
for running one transmitter. The sec- 
ond system considered. uses two motors 
to drive the metameter transmitters, 
and utilizes a d-c. reversing switch, 
either manual or motor driven, at the 
receiving end. This system is shown 
in Fig. 2. It might be possible to use 
only one motor to supply the driving 
power for either the three operations 
or the two operations of these two sys- 
tems, but this would necessitate use of 
expensive custom-designed transmitting 
equipment. 

Pneumatic intermitter—The system 
which is being used has a pneumatic- 
Pressure switching-device which oper- 
ates from gas pressure. Therefore, the 
system has only one motor, which 
drives the cam of the single pressure 
transmitter. The switching device which 
alternately switches the inlet and out- 
let pressures automatically to the sin- 
gle telemeter transmitter, is shown in 
Fig. 8. It consists of a Fisher Wizard 
snap-acting pilot, which is an integral 





part of the diaphragm case of a %-in. Her e’s 


three-way diaphragm control valve, a 
second three-way diaphragm control 
valve, a volume chamber, and adjust- 
able needle-valve bleed orifices. 

The snap-acting pilot is constructed 
so that it supplies either full operating 
“on” pressure or zero “off” pressure. 
It can be adjusted so that “on” control 
is obtained at one element pressure 
and “off” control is obtained at a sec- 
end element pressure. Referring to 
Fig. 3, the snap-acting pilot, D, puts 
the 20-psig. supply pressure on the 
heads of the three-way diaphragm con- 
trol valves, A and C, when the pressure 
in the volume chamber, B, drops to 5 
psig. It maintains this 20-psig. pres- 
sure until the pressure in chamber B 
reaches 10 psig. At this pressure the 
snap-acting pilot, D, opens the needle 
valve and bleeds the pressure on the 
diaphragms of valves A and C to at- 
mosphere. With 20 psig. on the head 
of control valve A, pressure is routed 
through needle valve 3 into volume 
chamber B from the 20-psig. supply. 
This slowly builds up the pressure in 
the volume chamber, B, to 10 psig. As 
soon as the pressure in the volume 
chamber, B, reaches 10 psig. the snap- 
acting pilot bleeds the pressure off the 
diaphragm of three-way diaphragm 
valve A, causing it to move its valves 
so that volume chamber B is connected 
with needle valve 2, which slowly bleeds 
the pressure to atmosphere until it 
reaches 5 psig. The cycle is then re- 
peated. When there is 20-psig. pressure 
on the head of three-way diaphragm 
valve C, the telemeter-transmitter pres- 
sure-element is connected to the inlet 
side of the limiting station; when no 
pressure is on the head of the dia- 
phragm, the transmitter pressure-ele- 
ment is connected to the outlet side of 
the limiting station. The metering 
needle-valves 2 and 3 are adjusted to 
switch the pressures at approximately 
10-minute intervals. To date, the equip- 
ment has worked satisfactorily and has 
maintained the time interval without 
readjustment. 

The conclusions which we have drawn 
from our experience with telemetering 
without commercial power are as fol- 
lows: (1) The A. W. Hayden chronom- 
etrically-governed d-c. motor gives the 
best results of any d-c. motor tested, 
(2) standard 6-volt automobile storage 
batteries are the most satisfactory 
source of power tried to date, and (3) 
two pressures can be alternately trans- 
mitted satisfactorily with only one 
transmitter (assuming both pressures 
can be measured by the same pressure 
element) by using a gas-pressure-actu- 
ated timing device. 


EE the complete list of instru- 
mentation books offered by the 


Instruments Publishing Co. 
on p. 602, this issue. 
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PLASTIC ARMOR 


METAL TUBE 


.ethe instrument tubing 
that eliminates 
external corrosion 


Here’s an instrument tubing that 
lowers your costs by eliminating ex- 
ternal corrosion. It’s Dekoron tubing 
—plastic armor, polyethylene or 
vinyl, extruded to a 1/32nd-inch thick- 
ness over a metal core—steel, alumi- 
num or copper. 


Look at its advantages: 
LONG LIFE. In an iso-proponol plant, 
copper lines with bronze fittings were 
destroyed in less than six months by 
moisture and fumes. Dekoron lines 
are in excellent condition after three 
years service. 
LOW INITIAL COST. Dekoron tubing is 
about half as costly as stainless steel 
or other corrosion-resistant alloys. 
LOW INSTALLATION EXPENSE—as easy 
to work and as quickly installed as 
bare copper or aluminum tubing. 
NO EXPENSIVE PAINTING or other costly 
maintenance is required. 
WRITE FOR THE DATA SHEET. ‘‘Dekoron 
—a better kind of corrosion-resistant 
instrument tubing.” Tells how Samuel 
Moore & Company coats customers’ 
tubing and lowers costs. Just mail 
the coupon below. A-3991 


Deforon tubing 


PLASTIC ARMORED METAL 


SAMUEL MOORE & COMPANY 
MANTUA, OHIO 


Dept. 15, Samuel 
Moore & Co., Mantua, Ohio. 
Please send me at no obligation 
your new data sheet, ‘“Dekoron— 
a better kind of corrosion-resis- 
tant instrument tubing.” 
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SANBORN 


{2,.and 4 
channel 


RECORDING 
SYSTEMS 





@ NO INK 
@ DIRECT WRITING 

M RECTANGULAR COORDINATES 
@ PERMANENT RECORDS 




























Electrical phenomena from a few millivolts to over 
200 volts may be readily and continuously recorded. 


paper, is clear, sharp, permanent. Single-channel 
Model 128(Fig .1) has standard speed of 25 mm./sec. 
(slower speeds available). Two-channel Model 60 
(Fig. 3) has ten speeds —0.5 to 100 mm./sec. Four- 
channel Model 67 (Fig. 2) has eight speeds — 0.25 


and ready interchangeability of Amplifiers (D.C. 
and Strain Gage) are features of all models. 


For complete descriptions, 











illustrations, tables of con- 
stants, and prices, send for 
catalog, using coupon 


below. 


SANBORN 


COMPANY 



























B INDUSTRIAL DIVISION 

B39 Osborn St., 

B& Cambridge 39, Mass. t 

5 Please send me complete catalog of Sanborn 

. Industrial Recording Equipment. ; 
: Nome 4 
: Position - 
B-¢ ' 
7 ee 7 
- Street a : 
a ot 
g City & State -4 5 
hese e eee e eee eee eee ee 


Page 600—Instruments—Vol. 24 









































| 
| 


Registration, by heated stylus on plastic-coated | 


to 50 mm/sec. Built-in timing and code marking, | 





Manutacturers’ 
ew Literature 














“ 

In this department we report new literature pertaining to Instrumentation, re. § of petrolent 
ceived from the manufacturers. We urge readers to request ONLY those bulletins | tes cor 
which will be of value to them. Use the Postage-free Order Card on Page 60), — Penns. 

Requests for literature FROM ABROAD should be made on company letterhead and 7-403 VI 

mailed DIRECTLY to the manufacturers. Catalog 88 

“Viscor 0) 

T-380 THERMOWELLS. 16-page catalog il- T-3909 PANEL INSTRUMENTS, 22-page ment and | 
lustrates and describes maker’s thermowells in- catalog illustrates and describes maker's elec. ment, one- 
cluding threaded, ground-joint, finned-stem trical indicating instruments for small power. installation: 
welded-tubing and -socket models, and bar- unit panels, industrial test units, communication Penna. 
stock models; lists specifications, engineering equipment, etc.; includes construction, range, 404 FI 
diagrams, and corrosion data.—Karn Chemical engineering diagrams, and price list.—Beed T bullet 
Equipment Co., 518 Dickson Ave., Pittsburgh 2, Electrical Instrument Co., Penacook, N. H. pan ; 
_—- T-391 TIMING MOTORS. 8-page Catalog | tres SPe¢ 

T-381 STEAM AND AIR TRAPS. 50-page 322 illustrates and describes maker's electric | John Oster 
catalog features article “Basic Power Plant Fig- timing motors; includes specifications, features, 7-405 
uring”; includes data and price list covering and operation.—Haydon Manufacturing Co., Inc., bullet 
maker’s steam and air traps, reducing valves, Torrington, Conn. vptications 

ressure regulators, pump governors, tempera- : 
ion iouon, and feed-water controls.— T-392 INSTRUMENTATION COURSES. 8. aids; gon 
Squires Steam Specialties, 18502 Syracuse Ave., Page pamphlet discusses CRL courses of basic — 2 
Cistaland. Olde. instruction and advanced training in theory and and co sh 

: practical application of AM and FM radio, —Merchan: 

T-382—INTERFEROMETER. 4-page bulletin television, and industrial instrumentation; vet- porium, Pe’ 
(revised September 1950) contains a complete eran approved.—The CRL School of Electronics, 7-406 HI 
general index to literature on maker’s products 29 Allyn St., Hartford, Conn. i ane 
(interferometers, microscopes, spectrometers, 
comparators, etc.) as well as those under prepa- T-393 ELECTRONIC SHORTCUTS. 54-page fe Se 
ration.— The Gaertner Scientific Corp., 1201 booklet “Electronic Shortcuts for Hobbyists” “Rad 
Wrightwood Ave., Chicago 14, Ill. gives 24 simplified crystal-diode applications for tare Cc | 

‘ the home hobbyist, experimenter, and mode Electric Co 

T-383 MACHINE-CUT SURFACE-FINISH maker; 25 cents postpaid—Syivania Electric 7-407 A 
STANDARDS. 8-page Bulletin illustrates and de- Products Inc., Emporium, Penna. lists make 
scribes maker’s machine-cut stainless-steel speci- clo 
mens for surface-quality control; discusses con- T-394 VOLTAGE DIVIDER. 4-page Bulletin so em 
tents of two sets; includes definitions, specifica- A-? illustrates and describes maker's “Type ington, Ce 
tions, ratings, symbols, and typical examples.— W” 2-watt rheostat voltage-divider; includes a ‘ 
University Machine Div., Baird Associates, Inc., specifications, construction and characteristics. T-408 SI 

| Combbriins: Aliases. —International Resistance Co., 401 N. Broad CHINES. 
‘ St., Philadelphia 8, Penna. wien: wan 

T-384 ELECTRICAL INSTRUMENTS. 64- r cleaning a 
page Catalog 48 illustrates and describes dis- T-395 ANALOG DIGITAL CONVERTES. & equipment, 
tributor’s line of laboratory and portable test P#S* bulletin and engineering diagram illustrates mallets, ha 
instruments, panel and switchboard instruments, and describes maker’s analog digital converter; Manufactur 
pyrometer-and associated equipment, service in- oe er ee .~ — 
struments, transformers, rectifiers, controls, and a 2233 Federal Ave., Los Angeles 64, T-409 B 
miscellaneous equipment.—Electro-Tech Equip- ee {page broc 
ment Co., 309 Canal St., New York 3, N. Y. T-396 TOOLMAKER’S MICROSCOPE. 8-page a tars 

7-385 DIE-STAMPING WIRE CIRCUITS. Bulletin 147-50 illustrates and describes maker's pi 
16-page brochure illustrates and describes ‘“‘Mass microscope for precision shop measurements; strument ( 
Production Die Stamping of Wired Circuits”: discusses 30 features as well as operation, general Caan: 
discusses detailed analysis, maintenance, and po- description, : specifications, and accessories. 
tential applications.—Franklin Airloop Corp., Gaertner Scientific Corp., 1201 Wrightwood Ave., memes 
43-20 34th St., Long Island City 1, N. Y. Chleage 14, Ti. ) 

T-386 PUMP CONTROLS. 4-page Bulletin _ 7-397 SPECTROPHOTOMETER. 8-page Bul- As 

: . we 66 letin 151-A illustrates and describes maker's 
1201 illustrates and describes maker’s ‘‘Moto- “Weichselb Vv Uni ” cotvesian 
trols” pressure-operated pump controls for ele- aisctgpagieratidany actid waht <cmeg = ms 
tometer, a flame photometer for rapid, absolute Is your ¢ 
vated tank systems with two or more pumps.— Sr as aphligs ti y 
Dateuaitc Gcutesl Ce ‘Bt Paul ¢. Silan. quantitative determination; includes schematic { 
4 : diagrams of operation.—Scientific Instruments 

T-387 FORCE INDICATOR. 4-page bulletin Div., Fearless Camera Corp., 1180 W. Olympic Does you 
illustrates and describes maker’s 12 models of Blvd. Los Angeles 25, Calif. bid r 
force indicators; includes typical applications 

: : ’ T-398 THICKNESS MEASUREMENT GAGE. Or do y 
= hppiammamanae ceseneal eS s, SN, 16-page Catalog MY-50-1 illustrates and de- serve j 
- scribes maker’s “50 Series Measuray”’ non-con- 

T-388 FURNACE INDICATOR. 4-page Bul- tact X-ray gage for continuous or intermittent Just dro} 
letin 5101 illustrates and describes maker’s measurement of strip or sheet stock, stationary for 
“Wyd-angle” smoke periscope for marine and or in motion.—Measuray Sales Div., Sheffield send 
industrial use, and “Cat’s-eye” furnace indi- Corp., Dayton 1, Ohio. 
cator for viewing furnace performance from any | 
point in boiler room.—Ess Specialty Corp., T-399 POLAROGRAPH. 32-page house organ, meres: 
Bergenfield, N. J. Vol. 4, Winter 1950-51 issue of “Scientific Ap- 

paratus & Methods,” features article “The Polar- 7-410 P 

T-389 LATHE OPERATION. 128-page, 50th ograph in the Insecticide Industry”; includes ELECTRO 
Edition of lathe-operator’s handbook “How to catalog section on scientific apparatus, radiation- Siienet 
Run a Lathe” discusses the history and develop- measuring equipment, bustion equipment, method _ 
ment of the screw-cutting lathe, setting up and centrifuges, etc.—E. H. Sargent & Co., 4647 W. tena, ae 
leveling lathe for use, lathe tools and their ap- foster Ave., Chicago 30, Ill. Corp., 460 
plications, cutting screw threads, clutch work, i 
special classes of work, etc. Paper-bound copy T-400 ELECTRONIC COUNTER. 4-page bul- T-4l1 A 
25 cents, imitation leather $1.00.—South Bend letin illustrates and describes maker’s “Model page bulle 
Lathe Works, South Bend 22, Ind. 554 Eput” (Events-Per-Unit-Time) high-speed rubber ins 
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counter combined with accurate time 
features, design, operation, speci- 
Si cerection, and applications.—Berke- 
‘a Scientific Co., 6th & Nevin Aves., Richmond, 
Calif. 
-| in 
PANEL BOARDS. 4-page Bullet 
si illustrates and describes maker’s in- 
porn panel boards.—Falstrom Co., 99 Fal- 
staal Court, Passaic, N. J 


OLEUM VAPOR FILTER, 4- 

1 Ee 8C-10.X3 illustrates and describes 
7 “Vape-sorber” for continuous removal 
if petroleum vapor, dirt, and liquids from com- 
: essed air and other gases; no moving parts. 
rselas Corporation of America, Philadelphia 34, 





Penna. 

7-403 VISCOSITY MEASUREMENT. 12-page 
Catalog 88 illustrates and describes maker’s 
“Viseorator” for continuous viscosity measure- 
ment and control ; discusses viscosity measure- 
ment, one- and two-float instrument, and typical 
installations. —Fischer & Porter Co., Hatboro, 


Penna. 


7-404 FRACTIONAL H-P MOTORS. 4-page 
page bulletin illustrates and describes maker's 
fractional h-p. electric motors; discusses fea- 
tures, specifications, and engineering data.— 
John Oster Manufacturing Co., Racine, Wis. 


7-405 TECHNICAL TUBE MANUALS. 4- 
page bulletin illustrates and describes maker’s 
publications for use as classroom and student 
aids; includes radio instruction course, lesson 
folders, radio symbols chart, color code cards, 
and college electronic-laboratory test equipment. 
—Merchandising Dep’t., Sylvania Electric, Em- 
porium, Penna. 


7-406 HIGH-VOLTAGE MEASUREMENT. 16- 
page house organ, Vol. 16, No. 3 issue of “‘The 
C-D Capacitor,” features article on technique of 
high-voltage measurements; includes regular fea- 
ture “Radio Trading Post.”—Cornell-Dubilier 
Electric Corp., South Plainfield, N. J. 


T-407 A-C MOTORS. 4-page Price List 26 
lists maker’s synchronous a-c. motors, d-c. 
motors, clock movements, and timers.—Haydon 
Manufacturing Co., Inc., 245 E. Elm St., Tor- 
rington, Conn. 


T-408 SMALL-PARTS CLEANING MA- 
CHINES. 4-page brochure illustrates and de- 
scribes maker’s small-parts cleaning machines, 
cleaning and rinsing solutions, flexible-shaft 
equipment, polishing motors, crystal cement, 
mallets, hammers, and rust remover.—L. & R. 
Manufacturing Co., 577 Elm St., Arlington, N. J. 


T-409 BREAKER-TYPE D-C. AMPLIFIER. 
4-page brochure illustrates and describes maker’s 
“Model 10” breaker-type d-c. amplifier to re- 
place high-sensitivity galvanometers; discusses 
performance characteristics.—Liston-Folb In- 
strument Co., Inc., P. O. Box 780, Stamford, 
Conn. 
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A supply of these cards 

for the asking 

Is your copy of Instruments routed 
to several people? 
Does your Company Librarian for- 
bid mutilating tech mags? 
Or do you yourself wish to pre- 
serve your own copies intact? 


Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 
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T4410 PHASEMETER. 6-page reprint from 
ELECTRONICS, Oct. 1950, entitled “Precision 
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COMPLETE CATALOG illustrates and describes full line of accessories . . . 
slide rests, grinding, milling and screw cutting attachments, cross slide, collet closer and 
other useful items. 


LOUISLEVIN & SON INC., 





LALLA KOO) S-0:1 DY ASIEN AD, 


TO MAKE DELICATE PRECISION EASIER 


MICRO-DRILL PRESS 


The Levin Micro-Drill Press is designed 
to hold small drills in precision collets, 
thus overcoming the difficulty of getting 
a drill to run true as when held in a con- 
ventional drill chuck. The absence 
of a sliding quill guarantees 
maximum sensitivity with fingertip 
control. A mounted 4%” capacity drill 
chuck can also be used. WRITE FOR 
BULLETIN.H DESCRIBING THE MICRO- 
DRILL PRESS and listing collet sizes. 
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Please have the following catalogs, etc., reviewed in this issue sent to me. 


Instruments, 921 Ridge Ave., Pittsburgh, Pa. 





Phasemeter for Audio Fr 
methods, developmental problems, test evalua- 
tions, and equipment layout.—W. L. Maxson 
Corp., 460 W. 34 St., New York 1, N. Y. 


T-4l1_ ANTI-VIBRATION MOUNTINGS. 2- 


page bulletin illustrates and describes maker’s 
rubber instrument mountings to provide pro- 
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Scientific and Industrial Glass Blowing 
and Laboratory Techniques by W. E. 
Barr and Victor J. Anhorn, 1949, cloth, 
4/2" x 8", 388 pages. Price $6.00. 


Elementary Engineering Electronics by 
Andrew W. Kramer, 1945, cloth, 4!/2" x 
8", 340 pages. Price $2.00. 


Operation and Care of Circular-scale 
Instruments by James Spencer, 1949, 
cloth, 4/2" x 8", 90 pages. Price $1.50. 


The Engine Indicator—Its Design, Theory 
and Special Applications by K. J. De- 
Juhasz, 1934, cloth, 5!" x 81/44", 243 
pages. Price $2.00. 


The man who KNOWS — 
Knows where to LOOK 


And a more complete personal or company library assures easy ac- 
cessibility to reference sources which can enhance your knowledge. Each 
of the books listed below is a “must'’ for the instrumentation library. 


Heat Inertia in Problems of Automatic 
Control of Temperature by Victor Broida, 
1950, paper, 5/4" x 8/4", 61 pages. 
Price $1.00. 


Applications of Industrial pH Controls 
by Allen L. Chaplin, 1950, cloth, 4'/2" 
x 8", 144 pages. Price $2.50. 


Maintenance and Servicing of Electrical 
Instruments by James Spencer, Third 
Edition 1951, cloth, 434" x 81/44", 256 
pages. Price $3.00. 


Mechanical Measurements by Electrical 
Methods by Howard C. Roberts, Second 
Edition 1951, cloth, 434" x 81/4", 357 
pages. Price $4.00. 


A Romance in Research—The Life of C. F. Burgess by A. McQueen with a 
Technical Appendix by O. W. Storey, 1951, cloth, 6" x 9", 430 pages. Price $6.00. 


Payment must accompany orders. Send orders to BOOK DEPARTMENT. 


Instruments Publishing Co., 921 Ridge Ave., Pittsburgh 12, Pa. 


tection against normal vibration f 
—Lord Manufacturing Co., Erie, Pa, 


T-412 AIR-FILTER GAGE. 2-page f 
114 illustrates and describes maker's bell ag! 
inclined-tube types air-filter gages for 
ing air flow resistance through air § 
Ellison Draft Gage Co., 214 W. Kinzie St., 
cago 10, Ill. q 


T-413 TERMINALS. 12-page Catalog ¥ 
illustrates and describes maker's glase . 
alumina lead-through hermetic and mult 
glass-metal terminals, metallized products, dy 





tronic housi nd insulators.—T, C, Whetta ¥ 
Co., Millville, N. J. i 
T-414 INDUSTRIAL ELECTRONIC (Gi 


PONENTS. 208-page Catalog 126 lists ¢ 
lines of radio, TV, and industrial elect; 
4 Jesai + 4. r 


4 





densers, transformers, galvanometers, voltm 4 
plugs, tubes, etc.—Allied Radio, 833 W. Js 
son Blvd., Chicago 7, Ill. 


T-415 PRECISION INSTRUMENTS, . 8-pap 
brochure contains a survey of maker’s p 
instruments of linear, coordinate, angular, gee 
tral, and photometric nts as well 
dividing machines, optical parts, and sped) 
apparatus.—Gaertner Scientific Corp., 1% 
Wrightwood Ave., Chicago, III. 


T-416 FLOW MEASUREMENT.  32-pay 
Bulletin 351-2 discusses the principle of fw 
measurement, primary devices, recorders, ini 
cators, meter types, integrators, square-ru 
planimeters, charts, piping layouts, pneumat 
transmissions, etc.—The Foxboro Co., Foxbon 
Mass. 


T-417 VALVE. 4-page Bulletin 304 illustrats® 
and describes maker's safety valve for industri 
press and similar applications; discusses elimi 
nation of use of springs and use of clappe 
type solnoid.—Ross Operating Valve Co., 1% 
East Golden Gate, Detroit 3, Mich. 


T-418 ABRASION RESISTANCE. 4-pag 
house organ Vol. 31, No. 2 issue of “The Motor. 
gram,” features article “Measuring Abrasion 
Resistance of Surfaces,” and a discussion o 
motor trouble and causes.—Bodin 























“Instrumentation Repair- 
man Mechanic for Repub- 
lic Flow Meter system 
meters and controls in in- 
tegrated steel mill located 
Concepcion, Chile. Ability 
to train others desirable. 
Knowledge of Spanish not 
essential. Two year con- 
tract, salary open, married 
men permitted to take 
families, all transportation 
paid.” Box 194, Instru- 
ments Publishing Com- 
pany, 921 Ridge Ave., 
Pittsburgh 12, Pa. 











INSTRUMENT ENGINEERS: A well 
established manufacturer of industrial 
instruments and controls is enlarging 
its staff of application, product and 
development engineers. Holders of B.S., 
M.S. or Ph.D. degrees in Electrical, 
Mechanical or Chemical Engineering in- 
terested in careers in any phase of this 
constantly expanding field are invited 
personal, educational and 


leading to personal 


to submit 
experience data, 
interviews. State salary requirements. 


Replies held confidential. Location: 
Eastern Seaboard. Address reply to Box 
195, Instruments Publishing Company, 


921 Ridge Avenue, Pittsburgh 12, Pa. 













Electric Co., 2244 W. Ohio St., Chicago 12, Ill. 


T-419 ELECTRIC CLOCK MOVEMENTS. 
4-page Catalog 324 illustrates and describe 
maker’s “Series 1800 and 1802” electric cl 
movements; lists complete specifications.—Hay; 
don Manufacturing Co., Inc., Torrington, Conn 


T-420 WAVEGUIDE MEASURING EQUIP. 
MENT. 4-page house organ, Vol. 2, No. 6 issut 
of “hp Journal,” features article “The ‘hy 
Program for Waveguide Type Measuring Equip 
ment”; includes specifications and summary o 
equipment.—Hewlett Packard Co., 395 Page 
Mill Road, Palo Alto, Calif. 


T-421 INTERCOMMUNICATING SYSTEMS. 
16-page Catalog 35 illustrates and describe 
maker’s inter icating syst for mar 
ual of mechanical operation; discusses speci 
fications, accessories, standard types, outline 
and mounting dimensions, and typical wiring 
diagrams.—Henschel Corp., Amesbury, Mass. 


T-422 RESISTORS. 4-page Bulletin B-5 ik 
lustrates and describes maker's “Type BW 
insulated wire-wound resistors for low-rangt 
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requirements; includes charts and graphs.— 
International Resistance Co., 401 N. Broad St. 
Philadelphia 8, Penna. 


T-423 ELECTRICAL TESTING  INSTRU- 
MENTS. 4-page house organ Vol. 7, No. ! 
issue of “Biddle Instrument News,” features 
articles in applications of maker's electrical 
testing instruments, speed-measuring  instru- 
ments, laboratory and scientific equipment.— 
James G. Biddle Co., 1316 Arch St., Philadelphis 
7, Penna. 


T-424. TRANSFORMERS. 4-page Technical 
Data Sheet No. 3 illustrates and describes 
foreign-made “Partridge” transformers; dis- 
cusses winding, load, self capacity, phase char- 
acteristics etc.—Distributor: Unio Trading Corp. 
27 Park Ave., New York 17, N. Y. 


T-425 OSCILLOSCOPE. 4-page bulletin ik 
lustrates and describes ‘Model 117 Labscope 
cathode-ray oscilloscope; includes applications, 
description and _ specifications.—Distributor: 
Brujac Electronic Corp., 103 Lafayette St. 





New York 13, N. Y. 
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Resistance Measurement 
in Air Conditioning Sys- 
fems. The Hays air filter 
gage is a money-saver when 
used to indicate the amount 
of resistance through filters 
in air circulating systems. 
When equipped with open 
or closed switches it flashes 
or sounds an alarm when re- 
sistance becomes excessive. 


Product Testing by Dif- 
ferential Pressure Meas- 


urement. Here the simplicity 
of the Hays FOT indicator 
makes possible testing of a 
complicated product by un- 
skilled workers. Hays gages 
were selected because of 
their accuracy and because 
they could be supplied with 
large, easily read scales. 


HAYS has the most complete line of low 
pressure gages on the market. 

¢4 diaphragm units available for both pressure and differential 
ediaphragms of colon leather or of synthetic impregnated 
material highly resistant to corrosive atmospheres, moisture 
and oxidation @4 case sizes@as many as 12 pointers in one 
case@ranges from a minimum of .2” water to a maximum of 
120” water @ for indicating, recording, or controlling draft pres- 
sure, differential or flow e wall, lug, or flush mounting—also 
portable models @ interior or exterior illumination @ square root 
extractors available. 


THE HAYS CORPORATION 


MICHIGAN City 8. INDIANA 


Pressure and Flow Measurement in Gas 


Producer Plant. in this automatically con- 
trolled gas producing plant Hays FOT Indi- 
cators show gas header pressure, stack 
pressure, air pressure, and air flow. The 
FOT is a popular pressure-flow instrument 
in the process industries. 


Commercial Boiler Testing 
Portable easily handled 
Hays “B" gages are widely 
used for checking draft in 
the combustion chambers of 
small automatically fired 
boilers to assure maximum 
efficiency. The scales are 
easily read—large black 
figures on a light back- 
ground. Gages are compact, 
rugged. 


Continuous Draft Indica- 
tion in Boiler Furnaces. 


Banks of Hays "V" gages 
are a familiar sight in 
thousands of boiler rooms. 
They provide an accurate 
“picture” of furnace draft 
conditions at any given mo- 
ment and thus warn the 
operator of soot deposits, 
slag accumulations, too thin a 
fire, burned out baffling, etc. 


What’s your draft or pressure problem? 


Hays engineers are anxious to help you solve your low pressure 
measurement and gas or air flow problems. They have applied 
Hays gages to situations ranging. from the determination of 
fuel oil level in marine vessels to the measurement of the 
density of mud in oil drilling operations. Send a description 
of your problem to Clarence Miller, The Hays Corporation, 
Michigan City, Indiana. You'll receive Hays’ recommendations 
plus Bulletin 49-667 describing the complete line of low pressure 
instruments. 


Veriflow Meters and Veritrol ° Gas Analyzers ° Draft Gages 


Automatic Combustion Control * Boiler Panels * Hays-Penn Flowmeters 
Combustion Test Sets * COs Recorders * Electronic Oxygen Recorder? 
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A SUPERIOR DETECTOR 
for 
INFRA-RED SPECTROSCOPY 


Golay 
PNEUMATIC DETECTOR 


Among the characteristics that render the 
Golay Detector superior to other types of 
detectors for use in infra-red spectroscopy are: 


1. An effective sensitive area 3/32” in 
diameter. 


2. Sensitivity of 6 x 10-11 watts RMSENI 
when used with “chopped beam” method 
and with recording time constant of 1.6 
second. 


. Uniform sensitivity from the ultra-violet 
through the visible and the entire infra- 
red, and up to the micro-wave region. 


Write for EPLAB Bulletin No. 10 
THE EPPLEY LABORATORY, INC. 


Scientific Satine bs 


NEWPORT + RHODE ISLAND « U.S.A. 











Time Delay 
Relays 


’ 
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specialists in TIME as a 


Running Fax »f CONTROL, we have 


MA wide range of*timing 
eters 


a great variety of 
olelultaaiolMelaleMisleltisiatel| 
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ee ; 
Synchronous 
Motors 


requirement 


CRAMER CO., 
BOX 5,' CENTERBROOK, CONN. 
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